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Preface
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S

1 nncoranmEs of cardiac thythm bae awu§ed
the interest of scientists for many centunes.
Not until the late nneteenth century, however,
were techniques and apparatus de\’c\uI’Qf‘
which permmpd accusate analysis nnd. classi-
fication of the various types of arry thmia. Dur-
ing the following decades the anricular arryth-
mias — premature systole, tachycardia, futter
and fbullation ~ were subjected to extensive
experimental study and diverse theories con-
cerming, thets mechanisms were proposed. This
serfes of mnvestigations was climaxed by the
wotk of Sir Thornas Lewns Despite the limita-
tions imposed by the relatively crude methods
available, Lewis's studies were remarkably
thorough. Indeed, Ius observations on the
aunenlar arthytbmias were considered so au-
thoritative, and Yus circus movement theory of
auncular flutter and Fbrillabion was so widely
accepted, that cardiologic research largely
turoed from the anneles to the ventricles.
The fact that few investigations of the aure-
ular arthythmias have been conducted dunng
the past 80 years 1s both fortunate and unfor-
tunate Recent progress in the understandmg
and treatment of the more serions cardiovascu-
lar disorders, such as coronary disease, might
have been delayed had the attention of im esti-
gators remaned on the auncles. On the other
Yuand, despre the thoroughness of Lewis's study
and the occasional coptnbutions of subsequent
workers, few questions concermng the nature
of the auricular arthythmias have been defi-
vitely answered. Why these workers have heen
unable to establish fipal conclustons 1s appar-
ent from a review of the literat B of

of man or of the experimental animal during
normal sinus thythm or any of the auricular
arthythmias.

HISTORY OF THE STUDY

Just as technical advances provided dI.c jm-
petus for initial im estigations of the ':\\mc\\\:\r
arthythmias, so the availability of improved
equpment encouraged us to hope that the
present study of these distusbances might prove
fruitful. The majority of the experiments per-
formed in the course of the stady were devised
by previous workers. But the methods of obser-
vation used by the workers were too indircet
and too insensttive to yicld conclusive results.
Ogly with the recent development of two new
tasteuments — the  high-speed cinematograph
and the eathoderay oscillograph —has it bhe-
come possible to determine the precise nature
of the mechanical and efectrical events which
oceur in the anricles.

In 1947 we began our examination of the
auricles with the high-speed cinematograph, By
means of this instrument, the course of the
auticular contraction wasve was clearly visual-
ized for the first time, Even duning preliminary
studies of normal sinus thythm, the advantages
of the cinematograph over previously available
methods of obscrvation were confirmed. As
pects of the normal contraction of the ausicles
which h'itﬁerto had heen subjects of speewlation
sl it b,
contradretony 15 " ¢ mgtion p\c\\\'rcs were

prevadag coneepts, Since pre-
vious methods had failed to yield a

hmstations of technique, no one has advanced
convinemg evidence, based on diroct observa.
tion, of preasely what takes place in the aungles

fix]

, s o T accurate

vression at the simplest shythm, it is scarcely
surprisiag, that no definitive conclusions had
belacn reached concermng the much more com-
ples events ocewrring in the anncular arthyth.
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mias. In subsequent months the motion of the

" auricles during each of the experimentally pro-
duced arrhythmias was recorded by means of
the high-speed cinematograph. In our opinion,
these records constitute the most direct and
most convincing evidence obtained in the
present or previous studies of the auricles (dur-
ing normal rhythm or any of the auricular
arrhythmias). Unlike electrocardiograms which
may be subject to error of interpretation, the
motion picture provides an unequrvocal record
of events exactly as they occur in the auricle.
When films are recorded under high magnifica-
tion and projected on a Jarge screen at slow
speeds, even the minutest details of auricular
motion are revealed. Unfortunately, despite
careful selection and diagramming, the still
photographs reproduced throughout this mono-
graph give the reader only a poor conception
of the fascinating movements of the auricle scen
in the pictures.

A second largely unexploited method of ob-
servation used extensively in our studies is the
dual-beam cathode-ray oscillograph. This clec-
tronic apparatus provides a graphic representa-
tion of the electrical activity of the auricle over
1000 times the size of the standard clectrocar-
diogram. The oscillograph proved most valuable
for the examination of the rapid activity of the
fibrillating auricle. Detals of the other arrhyth-
mias which were not recorded with standard
electrocardiographic equipment also were re-
vealed in the oscillogram.

Of the experimental observations reported in
this monograph, some 30 per cent were made
with the high-speed cinematograph and the re-
mainder with the multiple channel electrocar-
diograph and the cathode-ray oscillograph. Di-
rect determination of the clectrical and me-
chanical activity of the auricles was further fa-
cilitated by a new operative technique which
permits complete exposure of both left and right
auricles.

Thus, the original material reported in the
following pages represents a combination of
old experiments with new methods of observa-
tion. When the same experiments were recorded

on previously available apparatus, the results
were confusing and inconclusive, It is not sur-
prising that the more dircet and more sensitive
methods now available should yield what ap-
pears to be to us definitive proof concerning the
mechanism of the auricular arthythmias.

The entire study consumed a penod of ap-
proximately four years. . Originally, only a
thorough cinematographic examination of the
motion of the auricles in experimental animals
was planned. By the end of 1947, films had
been recorded which demonstiated to our satis-
faction the mechanism of the auricular arrhyth-
mias as well as several previously unknown fea-
tures of normal sinus rhythm. These films were
presented during the winter of 1947-48 hefore
various national medical meetings. Considering
the newness of the cinematographic technique,
coupled with the fact that the observations
weire contradictory to firmly entrenched theo-
rics, it is understandable that the conclusions
were received with general skepticism.®

In order to obtain evidence corroborating the
cinematographs, the mechanism of the anneular
arrhythmias was further investigated with more
conventional electrocardiographic techniques.
During this phase of the investigation, covering
the past three years, Lewis’s experiments were
repeated and extended. The course of the car-
drac impulse was traced by means of clectro-
cardiographically and oscillographically re-
corded direct auricular leads from experimental
animals and csophageal leads from man. Our
studies of the clinical arrhythmuas were gieatly
facilitated by the gencrosity of colleagues
throughout the country who provided us with
rare and interesting tracings, many of which

@ Such skeptreism 15 understandable The effect of Lewas’s
work on the general openon concermng the mechamsm of
the auricultr archythmias 1s witnessed m a review of perti-
nent hterature Early 1n the course of the present iy estiga-
fon a searchs was made of over 30 standard up-to-dre
testhanks i the felds of medicine, cardiology, physiolugy
and pharmacology. In the maporety of these tetthooks the
existence of a cweus movement m aunicular flutter and fibal-
Lation 15 stated as a fact occasionally, circus niovement 1s
deseribed as & theory, rarely, it 1s presented together with
alternatne theares, The therapeutic effeet of drugs used
1 the treatment of aurtcular Mutter and fiballatian gcncm)):'
1s asenbed to ther ability to abolish the “exaitable gap!
on the hypothetical cireus pathway
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are worthy of publication i medical .mnmakls-
Finally, s the opportunity a10%e, cinema c:
graphic records of cmcrim‘.:m:\l and spon.mn
cous augieular arthy thmias in human subjects
were made simultaneousty with indi\:ect and
esophageal lead electrocardiograms. Five basie
farts emerged from this phase of the study:
Fust, the electrocardiographic  and osctﬂo-
graphic abservations confirmed the earlier cine-
matographic observations. Second, in every m-
stance 1 which observations of spontancous ot
experimentally produced arrhythmias man
conld be compared with observations wade in
expenmental animals, the prinerples tme in
dogs were fownd to apply slso to humans Third,
ahservations on the mechanism of the auticular
arrhy thmias in man consistently cauld be made
mare easily than corresponding observations w
the experimental animal, and without harm to
the subject. Needless to say, the elundation
of the disturbance is far more significant in man
than m the ammal  Fourth, the current method
of interpreting clectrocardiograms of the au-
ricular arrhythmias 15 unsound and confusing.
An alternative method has been devised, Fifth,
the effect of qumdine and digitakis on the
auncles may be explained without reference to
the cirens movement theary Whereas treatment
of the amhythmias corrently is Jargely cem-
pincal, the d ation of the mech of
the distuthances and certan aspects of the
pharmacologe actions of anti-arthythmie drugs

provides a more rational and understandable
basss for therapy

ORGANIZATION OF THE MONGGRAPH
The matesial 4 m this graph is

'SE
wmental observations were added to illustrate
the relatiouship between events ohserved in the
laboratory and those known to oceur in pa
tents, An entice chapter has been devated to
the application of a new method of interpreting
clectracardiograns of the aurieular arrhy thinias.
Second, generat clinical data compited fram aa
evtemsive review of the Yiterature has been in-
cluded at the beginning of the discussion of
the mechanism of each archythmia, Third, a
chapter swmmarizing current keawledge con-
cerning the practical therapy of the anrienlar
arthythmias has been added. Since we hase
found that patients with the same arrhythimia
may require different management, the therapy
ontlined i this chapter bas been designed for
application to specific situations which the clin-
ictan is likely ta encounter rather than for we
in a particuar archythmia.

The Appendix consists of a detailed descrip-
tion of the varions types of equipment and tech-
maes used in the study, Some of these details
may ot be of interest to the general yeader,
Other investigators, particularly those wiio in-
tend ta repeat or extend the observation, may
find the information in the appendix Jess cour
plete than is necessary for their preepases, Fuy-
ther information conceming the methods wed
w the study vall be supplied upon request,

Insofar as possible, the subject mattes
tl.nuug\\out the monograph is presented in a
Sl'mple and readsly understandable mamer.
Nevertheless, a eertain mindmum of highly tech-
ni(ca! m:r\;nal has been included for the benefit
ZiS:‘I":cm ists {who atherwise wight find the

rsEwsions incomplete). The chapter on the

dwided into 18 chapters and an appendix. Pre-
hmmary drafts of the text meluded only original
experimental observabions together with a re-
view of earbier mvestigations of the mechanism
of the auncular arshythmias, As the study pro-
gressed, the comparability of the arthythmias
w man with those i the expermmental animal
became apparent and the welusion of three
types of chneal matensal was considered worth
while  First, clmieal counterpmrts of expen.

I ogy of q and digutali .
tee XV1) includes considerable dbclail \\())(l:cl*;?’:s
not of climical interest and js not cssential to
an understanding of other portions of the text
Pharmacologists and internists particularly cmz:
cerned with pharmacologic problems may con-
sider “‘fs chapter worthy of study, The general
veader is advised to disregard the hody of ll‘\e
chapter and to read only the eonchuding sum
mary which will provide an adequate pict .
of the clinical effects of the drugs. T Pt
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From the performance of the first experiment
to the completion of the final manuscript, the
preparation of the material presented in this
monograph has been a team job. Throughout
the study the willing efforts of members of our
staff were supplemented by generous contribu-
tions of time and material on the part of co-
operative colleagues. Finally, every effort has
been made to present an accurate picture of
previous investigations of the auricular arrhyth-
mias, The number of valid observations made
in the past, despite technical limitations, is in-
deed remarkable. It is a pleasure to acknowl-
edge that many techniques introduced by pre-
vious workers have been of inestimable value
in our studies.

When Lewis finished his study of the mech-
anism of the auricular arrhythmias, the impres-
sion prevaled that the subject was largely
understood. Thirty years later, it was apparent
that much remained to be learned. It is equally
apparent that the present study leaves many
questions still unanswered. The action of drugs,
especially digitalis, on the auricles; further cine-
matographic study of the human auricles, par-
ticularly the left auricle; nature of the auriculo-
ventricular conduction systems, certain aspects
of the nature of aunicular fibrillation — these
and many other problems await elucidation. In
the future, when present methods are more
fully exploited and new methods developed,
others will discover fascinating facts about the
auricles. Meanwhile, it is hoped that the data
contained m the following pages will prove of
use to medical students, climcians and workers
m related fields, and as a basis for further re-
search by other investigators.

In conclusion, the authors desire to thank the
many individuals who aided in the preparation
of this monograph Acknowledgment is due nu-
merous colleagues and friends who offered us
the opportunity of studying and utiizing their
clinical matenal. We are especially grateful to
Dr George C Griffith, who kindly permutted
us to use his electrocardiographic files, including
valuable heart catheterization electrocardio-
grams, and who made available a number of his

patients for special electrocardiographic studies.
We are indebted to Dr. Mervin J. Goldman and
M. Sokolow who provided the electrocardio-
graphic material for an analysis of the site of
origin of human auricular fibrillation; to Dr. D.
M. Green for the use of his electrocardiographic
tracings made during cardiac catheterization;
Dr. Charles D. Enselberg who permitted us to
to analyze and reproduce a number of esopha-
geal lead electrocardiograms from patients with
auricular tachycardia and flutter; to Dr. Lewis
T. Bullock, who kindly allowed us to use his
records of auricular tachycardia in infants; and
to Dr. Howard B. Burchell who permitted us to
publish phonocardiograms and pulse tracings
from patients with auricular flutter.

It is impossible to make specific acknowledg-
ment to the host of individuals who developed
the high-speed cinematographic technique upon
which much of this study is based. Our special
thanks go to John R. Bishop and John H. Wad-
dell for invaluable advice, and to Dale Gillette,
S. F. Sanford, Robert Moreno, and Max Worley,
who gave so freely of therr time and effort.

We are grateful to Drs. Clarence M. Agress,
Stephen R. Elek, Eugene B. Levine, Lawrence
G. Stuppy and Travis Winsor for their interpre-
tations of electrocardiographic tracings

Acknowledgment is due our extremely quali-
fied colleagues who read and criticized prebm-
nary drafts of the text, Dr John Martin Askey,
Harry Goldblatt, John S. Lawrence, John J
Sampson, and M Sokolow. Their cnticisms and
suggestions have been most helpful

We are indebted to Drs. Paul D. White, J. ]
Silverman and O. M. Race, Franz M. Groedel,
and their respective publishers, for allowing us
to reproduce varigus lustrations, to Dr Frank
N. Wilson for his wise counsel, to Norma Lazar,
Isobel Skoborg, Louis Frelds, Elsa Leiter and
Arthnr Riesenfeld for techmeal asmistance, and
to Mrys. Mary Mayo Cosby for the statistical
analysis in Chapter XIV. Mr M. Rappaport of
the Sanborn Corporation has been of great as-
sistance 1 checking the accuracy of our oscillo-
graphic equipment. YWe wish to thank the Tech-
nicon Cardiograph Corporation for the use of
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their cardiograph and the Sanborn Corporation
for the use of their Dualbeam Electrocardio-
graph

This work was made possible by the financial
support of the Beaumont Trust Fund (founded
by Louis D Beaumont). Our heartfelt thanks
to our friends Morton May, N. Dauby, and N.
Loeser, the Trustees of the Beaumont Fund,
and to Mrs. Margaret Mayer, J. M. Schenk, L.
Spitz, Ben Jacks, and Mrs. Tom May, without
whose generous financial help this study could
not have been undertaken.

Our publisher, Charles C Thomas and his
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tne The excellence of our color plates is due
to the craftsmanship of Mr Homer Alexander

and the helpfid advice and cooperation of Dr.
H. T. Kalmus and Mr. Jack Clark.

The authors wish to express their deep appre-
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rested the burden of editing the manuscript
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CHAPTER 1

-

The Normal Auricles

S
e —————————

ANATOMIC RELATIONSHIPS

The Right Auricle: The nght auricle is situated
cephalad to the right ventricle directly over
the tricuspid onfice, 1t is attached to the ver
tricle along the auriculo-ventricular groove; its
medial wall, formed by the interauricular sep-
tum, separates it from the left auricle. The
auricle itself 15 divided into two parts, the bady
and the appendit. On its dorsal aspect, the
auricalar body recetves the superior and inferior
venae cavae, ventrally, it opens into the tricus-
pud onfice

1n the dog or human, when the heart 15 photo-
graphed from 1ts right side, with the subject
supmne and tilted to the left, the right auncle is
readily wisible (Figure 1, Frontispiece). Tt ap-
pears as a blsh-red, elongate structure, framed
on all but its dorsal border by the right ven-
tricle. The appendix extends to the left as an
out-pocketmg, from the body. The supenior vena
cava penetrates the dorsal border of the body
abhiquely from the left, the inferior vena cava
enters at a more obtuse angle from the npht

swur nes 1 the aunculos entricular groove.
Distal to the halo of fat 15 the dark-red right
ventnele

The Left duricle: The left auncle lies ceph-
alad to the left ventucle immedsately over the
muteal onfice. Like the nght auricle, 1t 15 di-
wided mto two parts, the body and the shghtly
smaller appendix. Op 1ts dorsal surface the
body receives the pulmonary \ewms, approw-
mately exght in number  Becavse it 15 anchared
ta these veins and to the 1efl ventricle, the body
is afmost yimmobile. The appendsx s fan shaped
n outhine and is shghtly constricted at 1ts une-

13}

tion with the body; it is longer than its counter~
art on the right (Figure 2).

P Tnthe dog s’r \\\Sm'.\n when the left side of'lhc
heart is photographed with the subject supine,
the left auricular appendix occupies the center
of the picture, nestled in a hollow between the
pulmonary artery and left ventricle. Tts color
is a brilliant red, in contrast to the bluish-red
of the right appendix. Its sutface is wrinkled;
in many instances its margin is indented, pre-
senting a serrated appearance, Below and to
the left of the base of the appendiy, the pos-
teciar half of the body may be seen. Its surface
is smooth and it §s dark bluishered in color. Sev-
eral pulmonary yeins enter the body at its Jower
borders. Surrounding the base of the auricle is
the yellow-white fat lying m the auriculowens
tricular groove.

In both auricles, the interior surface of the
body is smooth; that of the appendix is ridged
by the musculi pectinati,

The Interanricular Septum: The interansic-
ular septum cannot be seen on flms of the in-
tact heart; it extends as a sheet between the
right and left auricles, effectively separating
these chambers {Figure 8.

The septum is composed of cardiae muscle
fibers with a groundwork of connective tissue in
about the same proportion as in the temainder
af the auricwlar musculature.

No division separates the structures in the
septum from those in the adjacent auricular
areas. The superficial layer of ymentn &1 -

Frecm - = , "

) cicwuitts ot the right and feft
aurscles s provided by the muscle fibers of the
mterauriewlar septum, The endocatdium of
the septum is alsy continuous with that of hoth
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LEFT
VENTRIGLE

AURIGULAR
APPENDIX

BODY OF
AURICLE

INFERIOR
VENA CAVA

LEFT SIDE OF HEART

Figure 2 Photograph of left side of dog's heart showing anatonue relationshtp of
left auncle and left ventncle Note body of left auncle 1s bound down by pulmonary
veins and left ventnicle. Appendix 1s most eastly accessible part of left auncle
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ENDOCARDIUM VGRS
MYOGARDIUM

Figure 8 (A) Posterior aspect of heart showing gross anatomse relationship of inter-

auncylar septum and the two auncles Note separation of nght and left auncular ¢cham-
bers by septum

{B) Ph (10 x) of lar septum, Wide band of myocardium,
contiguous at each end with myocardium of auncles (not shown), 1s hned on each
sutface with endocardium
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auricular chambers. Clearly the septum is
structurally an integral part of the auricles.
The Conduction System: The structure and
function of the auricular conduction system,
either in man or in dog, is not agreed upon,'™®
In 1907, Keith and Flack 2 described a neuro-
muscular bundle (the sino-auricular node) in
the auricular myocardium near the opening
of the superior vena cava, similar in structure
to the auriculo-ventricnlar node previously de-
scribed by Tawara; ®* this site was considered
the source of the cardiac impulse. No definite
anatomic conduction pathway through the
auricle has been demonstrated in man or dog.

B, A

The following deseription of the anatomy and
physiology of the sino-auricular node in man
represents the majority viewpoint.

The sino-auricular node is a club-shaped
structure which lies in the wall of the right
auricle at the entrance of the superior vena
cava. This location is marked by a slight ridge
known as the tacnia terminalis. The node is
2 to 2.5 centimeters in Jength and 2 to 5 milli-
meters in diameter. An elongated, conical head
and a narrawer tail may be distinguished. There
appear to he transitional nodal-muscular fibers
extending from the head and tail of the node
out into the auricular musculature proper. Ac-

5
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Figure 4 Upper pt
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made directly from surface of ¥
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Lower clectrocardiogram demonstrates tracing
he auncle Note the charactenstic mtrinsic deflections

of the P wave,
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cording to some investigators, :mat?mic co‘x;-
pections exist between these tmnsmgr!ml cells
and ordinary auricular muscle fibers. .

The impulse is helieved to pass fm'm the sino-
auricular node to the auriculo-venkrmular— nr{de
via the aurreular musculature. No convincing
evidence has been advanced to confirm the ex-
istence of a special conduction bundle connect-
ing the two nades.

ELECTROGRAPHIG CONSIDERATIONS

In the present study the electrical events
associated with the heart beat in expenmental
animals and in man was recorded on the stand-
ard electrocardiograph and the cathode-ray
oscillograph The oscillograph represents an fm-
provement over standard electrocardiographic
equipment. It was used most extensively in
studying auncular Hbrillation and other rapid
rate thythms, haweter, it also proved useful
in demonstrating minute details of the electrical
activity in the normal auricle which were indis-
tinct or imperceptible n the standard electro-
cardiogram

The Electrocardiograph: The electrical
events of the auricular cardiac cycle consist of
waves of depolarization (excitation or acces-
ston} and repolarization {regression). In other
words, the pature of electrical activity of the
auricles is the same as that occurring in the
ventricles The electrical events of these two
phases of auricular activity are not as striking
nor as widely understood as thewr counterparts
in the ventricles

The P wave 15 the wave of depolarization or
the first phase of auncular activity? In Jimb
leads and precordial leads in normal hearts, the
P wave 15 usually monophasic or diphasic. In

p ! leads at lar levels and in

drrect auricular leads, the P wave is polyphasic®

* The parts of the polyphanc P wave have been gunen
vanous naes by wosders m the past  Brown™ called the
deffections of the P wave m the esophageal electrocardio-

Srams s, 2, &, 1, o, and v, Bartro and Bidogga
this termmology  Hecht,™ et aoned

on the other hand, has ad
the stondard nomenclature of the QLS come:: afo:m&(:
P wave and calls the vanous Darts Po, Pos, Pexs, Pe, and
:;n ?(e “:eunsxdcrs that lﬁug nnn\:cnclamre facilitates descrip-
Vanous
P W complexes obtamed from memcardiac and

1
AL AURICLES

and of greater pmplitude ﬂmn‘ in ﬂxc.hr,nb
teads. In each esophageal and dm-.ct auricular
lead (Frgure 4) 2 sharply Jefined intrinsic de-
fection is inseribed as the impulse passes he-
neath the eclectrode. According to present
electrocardiographic concepts, the ipscription
of the P wave is due to the depolarization of
the muscle strip (Figure 5). For the purpose
of simplicity, in this monograph the term P
wave” is used to embrace the entire depolariza-
tion process in narmal sinus thythm; “P° wave”
1s used to deseribe the similar process in the
arthythmias.

The occurrence of a wave of aurienlar re-
polarization following the wave of depolariza-
tion was establishied in 1906; it was named the
Ta wave by Hering®® -2 (1908). Mac-
leod #* #* demonstrated in the frog’s heart that
the wave of repolurization starts hefore the
wave of depolarization is terminated. The Ta
wave is inscribed at a period normally occupied
by the ventricular QRS complex and wsnally
is masked by it, except when complete or partial
auriculo-ventricular Block is present {Figure
6). Clinically, Sprague and White ¥ studied
standard leads from 37 paticnts with complete
heart block; the presence of Ta waves was
shown definitely in 18 instances and inconcly-~
sively in eight athers. As a rule, the normal Ta
wave is deflected in a direction opposite that of
the P wave and is smalt {rarely greater than 0.2
millivolt). This has also been clearly deman-
strated m J3 1 leads®® and int T
Jeads,® =% 5% in hoth of which it is often moxe
istinet than in limb Jeads,

That the P wave is the wave of depolarization
and the Ta wave is the wave of repolarization
Conded e of simallaneosly s

ardiograms in both man and
ammals  In man, esophageal electrocardio.
tg;lt:t'\‘sr::t“\'lannus auticular Tevels !m\'e been
T . leads,
sy we ¥ wave, never duri ; occur
The s:me experiment has e 5 the Ta wave,
with direct Ia"e‘:fc':ﬁ’;: 1]““(;3 Et;n done e peatedly
of the auric eaps trom vatious parts

les in dogs; here too, the intrinsic

PSS
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human subjects during surgical procedures on
the heart and lungs. This method of observa-
tion yielded direct and conclusive evidence re-
garding many features of the heart beat which
hitherto had been subjects of speculation.

A STANDARD ESOPHAGEAL ELECTROGARDIOGRAM
P PTT PTTCF

Q Q -Q

B OSCILLOGRAM SAME ESOPHAGEAL EGG
= - - - - .
17120 sec

A

P WAVE {N STANDARD ECG \

Figure 7. (A) Umnipolar, esophageal lead from auncular
level, normal male Standard electrocardiogram.

(B) Same subject. Auncular complex recorded and
magmfied by means of oscillograph Camera speed m-
creased from 25 mm. per second to 381 mm per second
Ampltude mnereased 32 times  Insert at lower left hand cor-
ner of B shows the same P wave obtamed with standard

electrocardiogram equipment.

ORSERVATION 1: SITE OF ORIGIN OF THE NORMAL
CoONTRACTION WAVE

As stated above, in 1907 Keith and Flack **
suggested that the cardiac pacemaker might be
located in the mass of specialized tissue found
in the wall of the auncle near the superior
vena cava. The suggestion was based upon the
relatively large size of this mass and its intimate
association with the many nerve fibers supply-
ing the heart. However, up to the present time,

no general agreement has been reached as to
the exact site of origin of the cardiac impulse.
MacWilliam in 1887,:2 utilizing the known
effects of temperature changes on the functional
activities of tissues, found that the “application
of slight heat locally to the terminal part of
the vena cava superior gives a marked acceler-
ation in the rhythm of the whole heart.” Con-
versely in 1910 Flack 1 reported that a local-
ized cooling agent slowed the rate of the heart
only if it was applied to the region of the sino-
auricular node. Gantner and Zahn in 1911 24
likewise found that cooling of the sinus node
slowed the rate of the heart beat; in addition,
they noted that the farther the point of cooling
was removed from the node, the less marked
was its effect. .
Le\vis 337, 382, 335 ﬂnd otllers,ho, 54, 53, 56, 99, 169,
1Th 413, 414, 439 619 jnyestigated this problem by a
variety of methods, including destruction of the
sino-auricular node and determination of
the point of primary negativity in the auricle.
Lewis 23 found “abundant and conclusive evi-
dence that the excitation wave begins in or near
the head of the sino-auricular node.” Eyster
and Meek 177 178 179, 180, 182, 183, 18¢ oqnfirmed
many of Lewis’ observations. On the other
hand, Rijlant and Geraudel, according to Wig-
gers,™ held the opinion that the normal beat
actually arose from a restricted Jocus (1 milli-
meter in diameter) superior to the sino-auric-
ular node Wiggers ®¢ further stated that “while
we may continue to regard the region of the
sino-auricular node as the normal pacemaker, it
is necessary to broaden our conception to in-
clude the possible origin of the impulse mn adja-
cent tissue.” To add further confusion, Glomset
and Glomset *** and others were unable to ob-
tain any histologic evidence of the existence of
a separate specilized sino-auricular node. Noni-
dez,*%® however, found histologic evidence of a
node in hearts of puppies and in the monkey
From electrocardiograms taken directly from
the region of the sino-auricular node, the site
of origin of the cardiac impulse cannot be de-
termined. Deflections from the node, and those
from points adjacent to it, resemble each other
too closely. Similarly indeterminate are the



e
e

ively crude cooling evperiments. )

relgt; di);ect vismalization of the dogs right
auricle on high speed cinematogtaphs, the exact
site on the auricular surface of mitiation of the
conteaction wave has been cleatly scen for the
first time, Motion pictures in 23 animals con-
sstently showed that the contraction ware
starts in a region on the suleus tesnsinalis (corre-
sponding to the taenia terminalis) at a distance
approximately 1 centimeter to the right of the
junction of the right anvicular appendiv with
the superior cena caea This foens is mearly
equidistant from the caudad and cephalic ex-
tremities of the suncle {Figure 8).

1€ the anatomy of the sino-auricnlar node in
the dog corresponds to that wsually described
for man, the locus of initiation of the auricular
contraction wave in the dog is about halfway
between the head and tail of the node, perhaps
somewhat closer to the tall, Contrary to the
view now held by most workers, the wave does
not onginate in the head, as revealed by the
films, the location of the head is approximately
1 centimeter to the left of the region in which
the contraction wave is seen to arise.

Qeservatiox 2 NorMAL CONTRACTION OF THE
Ricir Aurcrr

In colored motion pictures taken at 1000 or
2000 frames per second, the first manifestation
of auncular systole observed on the screen 1s a
wrinkling of the body of the right auncle near
the 1ail of the sino-awricular node (site of in-
itiation of contraction wave), From this locus

2 wave of contraction spreads rapdly over the
auncle fn an ever-widening } i

5 it
THE NORMAL AURICLES

the auricle is rather restricted in its movement,
but ustially contracts sufficiently to propel rqo;t.
though not all, of its contents into tl‘lc ventricle.
On the other hand, the more moahile auncn}ar
appendis contracts mote than the body daring
auriendar systole. The expased, nonnally-bc«?l-
ing right anricle of the dog almost neve emptics
compfetely during systofe. .

The viger and campleteness af auricular sys-
tole varies considerably from dog to dog. In
rare instances, the right anricle appears fo con-
tract en masse so that the walls fade to a pale
pink and the chamber is atmost completely
emptied of blood, Usually, however, auricular
systole is less complete; the contraction waves
are more or Jess Jethargic, and their ability to
propel bload inte the ventricle s proportiau-
ately lessened. The reasons for this variation
are not entirely clear. However, a few of the
animals were in varying degrees of shock due
to anesthesia, extensive susgical procedure and
fhuid foss. 1t may he that the auricular contrac-
tions in these animals were impaired by changes
in blood volume, heart yate and physiologic
surroundings of the heart, resulting from the
aperative pracedures; such variations may not
exist in the intact animal. Our experience with
known shock states indicates that when the re-
turn flow of blood to the auricle is reduced, the
vigor of auricular systole is correspondingly
diminished s

Because of possible anatomic and functiona) |
differences bebween spectes, it cannot be as.
sumed that ohservations on the contraction of
the auncles in the dog apply k50 to man. To

g fe, com-
pletely engulfs that chamber, and leaves 1t con-
tracted in all its dimensions. When the wave
reaches the penphesy of the auricle, maximum
systale is attained. As the contraction subsides,
relaxation nto diastole begins at the same re.
gion at which the contraction wave originated,
and proceeds in the same cowrse as did systale
{Figuees 8 and 9). Since the contraction wave
reaches the tip of the appendix and the candal
border of the body nearly simultaneously, the
:m{xcle contracts symmetrically around the
point of imtiation of the wave, The body of

tablish the latter, evidence must be obtained
directly by visuahization of the human auricle
or indirectly by other methods of in estigation
High speed motion pictures were taken of \h(,:
human avricle on four oceasions during cardiac
swrgery. In each instance the human m\riclle
appeared to behave fike that of the dog.

Information denved f; i W
rom radiocardi i
studies 0 1 goams g | e

ndicate that the 1
heat, like that of the dog, does not em;l)l'l;llrsl:lr;
Er':mp)etely during the systolic phase of the car-

iav cycle. When radioactive sodium (Na24) is

injected mtravenowsly inte the human gnd its
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human subjects during surgical procedures on
the heait and lungs. This method of observa-
tion yielded direct and conclusive evidence re-
garding many features of the heart beat which
hitherto had been subjects of speculation.

A STANDARD ESOPHAGEAL ELEOTROCARDIOGRAM
:

v W‘” v i

Q Q

BOSCILLOGRAM SAME ESOPHAGEAL EGG
- - a» - T
17120 sec

(A} Umpolar, esophageal lead from auncular

Figure 7.
Standard electrocardiogram

level, normal male

(B) Same subject Auncular complex recorded and
magnified by means of osallograph. Camera speed -
creased from 23 mm per second to 381 mm per second
Amplitude mereased 32 times. Insert at lower left hand cor-
ner of B shows the same P wave obtamed with standard

electrocardtogram equipment

OpservATION 1: SiTE OF ORIGIN OF THE NORMAL
CONTRACTION \WAVE

As stated above, in 1907 Keith and Flack 3
suggested that the cardiac pacemaker might be
located in the mass of specialized tissue found
in the wall of the auncle near the superior
vena cava. The suggestion was based upon the
relatively large size of this mass and 1ts intimate
association with the many nerve fibers supply-
ing the heart. However, up to the present time,

no general agreement has been reached as to
the exact site of origin of the cardiac impulse.

MacWilliam in 1887,*** utilizing the known
effects of temperature changes on the functional
activities of tissues, found that the “application
of slight heat locally to the terminal part of
the vena cava superior gives a marked acceler-
ation in the rhythm of the whole heart.” Con-
versely in 1910 Flack 1*° reported that a local-
ized cooling agent slowed the rate of the heart
only if it was applied to the region of the sino-
auricular node. Gantner and Zahn in 1911 24
likewise found that cooling of the sinus node
slowed the rate of the heart beat; in addition,
they noted that the farther the point of cooling
was removed from the node, the less marked
was its effect. .

Lewis 7 3% 3% qnd others, 5% 55 56 9% 105
171 413, 4H, 450, 079 investigated this problem by a
variety of methods, including destruction of the
sino-auricular node and determination of
the point of primary negativity in the auricle.
Lewis * found “abundant and conclusive evi-
dence that the excitation wave begins in or near
the head of the sino-auricular node.” Eyster
n"d A\l’ee]\. 177, 178, 179, 180, 182, 183, 184 Co“ﬁrmed
many of Lewis’ observations. On the other
hand, Rijlant and Geraudel, according to Wig-
gers,®® held the opinion that the normal beat
actually arose from a restricted locus (1 milli-
meter in diameter) superior to the sino-auric-
ular node. Wiggers © further stated that “while
we may continue to regard the region of the
sino-aurzcular node as the normal pacemaker, it
is necessary to broaden our conception to in-
clude the possible origin of the impulse in adja-
cent tissue.” To add further confusion, Glomset
and Glomset *! and others were unable to ob-
tain any histologic evidence of the existence of
a separate specilized sino-auricular node. Noni-
dez,*® however, found histologic evidence of 2
node in hearts of puppies and in the monkey.

From electrocardiograms taken directly from
the region of the sino-auricular node, the site
of origin of the cardiac impulse cannot be de-
termined. Deflections from the node, and those
from points adjacent to it, resemble each other
too closely. Similarly indeterminate are the
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relatvely crude cooling experiments. N

By disect viswalzation of the dogs right
auricle on high speed cinematographs, the exact
site on the auricular surface of initiation of the
contraction wave has been dearly seen for the
frst time. Motion pictures in 25 ammals con-
sistently showed that the contraction wave
starts in a region on the sulcus terminalis {corre-
sponding to the taenia terminalis) at a distance
approtimately 1 centiwmeter to the nght of the
junction of the right aunricular appendix with
the superior vena cavs. This locus is nearly
equidistant from the candal and cephalic ex-
yemities of the auacle (Figure §)

If the anatoray of the sino-auricular node in
the dog corresponds to that usually deseribed
for man, the locus of initiation of the auricular
contraction wave in the dog is about halfiway
between the head and tail of the node, perhaps
somewhat closer to the tail. Contrary to the
view now held by most workers, the wave daes
not orignate in the head, as revealed by the
films, the Jocation of the head is approtimately
1 centimeter to the left of the region in which
the contraction wave s seen to avise.

OssgrvaTioN 2. Noratar CONTRACTION OF THE
Ricrtr AURICLE

In colored motion pictures taken at 1000 or
2000 frames per second, the first manifestation
of auricular systole observed on the screen 1s a
wrinkling of the body of the right auricle near
the tail of the sino-auncular node (site of m-
1tiation of contraction wave). From this locus
a wave of contraction spreads rapidly over the
auricle in an ever-widening half-circle, com-
pletely engulfs that chamber, and leaves jt con-
tracted in all its dimensions. When the wave
reaches the periphery of the auricle, maximum
systole 1s attained, As the contraction snbsides,
relaxation into diastole begms at the same re-
gion at which the contraction wave onginated,
and proceeds in the same course as did systole
(Figures 8 and 9). Smece the contraction wave
reaches the tip of the appendix and the caudat
border of the body nearly simul 3y, the

1

the auricle is rather restricted in its movement,
but usually contracts sufficiently to propel "‘_“5"
though not all, of its contents into the vanncle,
On the other hand, the more mobile aurientat
appendrx contracts more than the body during
ausieular systole. The exposed, nonnal'ly-\lef.lb
ing right auricle of the dog almost never empties
completely during systole.

The vigor and completeness of auricular sys-
tole vasies considerably from dog to dog. In
rare snstances, the right auricle appears to con-
tract en masse so that the walls fade to a pale
pink and the chamber is almost completely
emptied of blood. Usually, however, auticular
systole is less complete; the contraction waves
are more or less lethargic, and their ability to
propel blood into the ventricle is proportion-
ately lesscned. .The reasons for this variation
arc not entirely clear. However, a few of the
animals were in \arying degrees of shock due
to anesthesia, extensive surgeal procedure and
fluid Joss. 1t may be that the auricular contrac-
tions in these animals were impaired by changes
in blood volume, heart rate and physiologic
surroundings of the heart, resulting from the
operative procedures; such variations may not
exist 1 the intact animal Qur cxperience with
known shock states indicates that when the re-
turn flow of blood to the auricle is reduced, the
vigor of auricular systole is correspondingly
dimmished. _—

Because of possible anatomic and functional
differences between species, it cannot be as-
sumed that observations on the contraction of
the auricles in the dog apply also to man. To
es}abh'sh the latter, evidence must be obtained
directly by visualization of the human auricle
Ol'.indxrecﬂy by other methods of mvestigation.
gllﬂla ;P;frdw;reu;t;u?u}xic(ures were ta.ken of the

i aceasyons during cardiac
surgery. In each instance the human auricle
appeared to behave Itke that of the dag,
Information derived from radiocardiographic

studies " % seems to indicate that the human

auricle contracts symmetrically asound the
pomt of initiation of the wave. The body of

heaﬂ,‘ Iike that of the dog, does not empty itself

during the systolic

oo phase of the car-
Yilli'lc cych.:. ‘When radioactive sodium (Na?r&c) ‘m
injected intravenously mto the human and its
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coursc through the heart graphically recoided
with an ink-writing Geiger-Muller counter, the
inflow curve for the right heart is represented
by a sharp upward deflection, the R wave; this
would indicate that the radiosedium cnters the
right chambers rapidly. If emptying were com-
plete with each systole, the subsequent down-
ward deflection should be equally steep. In all
instances, however, the outflow curve of the
right heart is much more gradual (more hori-

c. Full systole ~ contraction wat

Figure 8. (A) Enlarged photographs of nght auncle show-
g progressine phases of auncular contraction Dowing

(B) Same as A with superimposed diagrams s]:m‘ma
outlines of auncle dunng each phase, {a) pomnt of \:\ 10 \ox;
of contraction wave, and (b) and (c) successtve phases o

has now extended to involve the whole auncle

zontally inclined) than the inflow curves; when
plotted on semilogarithmic paper, it generally
insaribes a straight line (Figure 10). The con-
clusion thus appears justified that the right
chambers of the human heart do not empty
completely with each systole. It is more diffi-
cult to draw conclusions regarding the left heart
from the configmation of the L wave in the
radiocardiogram.

The inflow and outflow tracts of the right

" 4

2 tes at a pomt
ote that contraction wave origina
N caudal estremities of auncle.
preads n an ever-
ire auncle

systale
equidistant from cephalie and
From this pomt the contraction wave &

widenng half-circle and engulfs the ent:
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ventricle can be easily seen in the motion pic-
tures. As auricular systole reaches the halfway
point in its course, a bulge forms in the wall
of the right ventricle along the entire length of
its attachment at the aunculo-ventneular
groove. As auricular systole is completed, the
bulge travels rapidly toward the cardiac apex
and outhnes the inflow tract of the right ven-
tricle. As the blood reaches the apex of the

Figire 9 Contmuaton of

even
contraction wave subsides, 18 shown 1 Fy

relaxation snto gt s 8

ole begins at

right ventricle, ventricular systole begins; the
blood then traverses the outflow tract of the
ventricle into the pulmonary artery. In its
course from the inflow to the outflow tract, and
into the pulmonary artery, the blood stream
actually changes direction approximately 300
to 325 degrees. The clarity with which the in-
flow tract can be seen in the mation pictures
depends upon the vigor of auricular systole.

¢ Complete dhastole

same point at which con|
21 the sa;

traction wase o
'Me manner as d

Tiginated

and
d systole pros



14

THE AURICULAR ARRHYTHMIAS

=T o= = =7

Ty : 0>

Figure 10. Radwcardiogram of normal human heart. Tracing reads from nght to

left. R wave inflow to (

imb) and outflow from {descending

lhmb) nght heart. L wave represents mflow to and outBow from (flling and empts-

ing of) left heart, T represents transition phase when most of the blood is in pulmo-

nary arculation. At point marked “empty” the tracing reaches a level plateau which

represents eut of all radwactnely labelled blood from heart. Note that inflow is
more rapid than outflow m right heart

When systole is vigorous, the inflow and out-
flow tracts become prominent (Figure 11). No
such inflow tract can be seen in the left ven-
tricle, probably for two reasons: (1) the rela-
tive weakness of contraction of the left auricle;
and (2) the greater thickness of the wall of
the left ventricle.

On motion pictures taken at 2000 frames per
second and projected at 16 frames per second,
the actual speed of the contraction wave is re-
duced approximately 125 times. The speed with
which the contraction wave travels in the mo-
tion picture may be measured by means of a
stop-watch; by correcting for camera and pro-
jection speeds, the actual length of time taken
for the wave to travel between any two points
may be accurately caleulated. Using this
methed, the contraction wave 1s found to tiavel
from its site of initiation to the tip of the right
auricular appendix in almost 0.01 second. The
distance between the tip of the appendix and
the origin of the impulsc is approvimately 3]
centimeters. Hence, the speed of the normal
auricular contraction wave 1s about 300 centi-
meters per second. On motion pictures taken
at 2000 frames per second and projected at 16
frames per second, the average length of time
oceupied by auricular systole is 15 seconds and
that consumed by auricular diastole is 40 sec-
onds. After corrections for camera and projec-

tion speeds, the actual duration of these two
phases of the cardiac cycle is found to equal
0.13 second for systole and 0.3 second for dias-
tole. The time occupied by systole as calculated
by this method closely approsimates the figure
of 0.11 second given by Wiggers.®® ot 8 The
duration of the diastolic portion of the auricular
cycle varies inversely and that of the systolic
phase directly with the auricular rate. Thus, in
intact animals with slower heart rates, diastole
is proportionately Jonger and systole propor-
tionately shorter than the figure given above.

OpservaTION 3: NorAAL CONTRACTION OF THE
LEFT AURICLE

Largely because of the difficulty in exposing
the left auricle for expenmental study, reported
observations on this chamber are few. With the
technique employed in this laboratory (see Ap-
pendix), the entire left auricular appendix, a
major portion of the body of the left auricle,
and several pulmonary veins were exposed and
studied cinematographically.

As observed in the motion pictures, left auric-
ular systole may be divided into those events
which oceur in the appendix and those which
take place in the bedy. In the majonty of dogs,
movements rarely occur in the body of the left
auricle during systole or diastole. In only a
few cinematographs are occasional ripples of
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Figure 10, Radiocardiogram of nommal human heart. Tracing reads from nght to

1

left. R wase inflow to {

Iimb) and outBow from (descending

1imb) nght heart. L wave represents nflow to and outflow from {Bling and empty-

ing of) left heart. T represents transition phase when most of the blood is m pulmo-

nary circulation. At poiat marked “cmpty” the tracing reaches a level plateau which

represents eut of all radwactinely labelled blood from heart. Note that inflow 1s
more ragd than outflow m right heart

When systole is vigorous, the inflow and out-
flow tracts become prominent (Figure 11). No
such inflow tract can be seen in the left ven-
tricle, probably for two reasons: (1) the rela-
tive weakness of contraction of the left auricle;
and (2} the greater thickness of the wall of
the Ieft ventricle.

On motion pictures taken at 2000 frames per
second and projected at 16 frames per second,
the actual speed of the contraction wave is re-
duced approximately 125 times. The speed with
which the contraction wave travels in the mo-
tion picture may be measured by means of a
stop-watch; by correcting for camera and pro-
jection speeds, the actual length of time taken
for the wave to travel between any two points
may be accurately calculated. Using this
methad, the contraction wave is found to travel
from its site of initiation to the tip of the right
auricular appendix in almost 0.01 second. The
distance between the tip of the appendix and
the origin of the impulse is approximately 3]
centimeters. Hence, the speed of the normal
auricular contraction wave is about 300 centi-
meters per second. On motion pictures taken
at 2000 frames per second and projected at 16
frames per second, the average length of time
occupied by auricular systole is 15 seconds and
that consumed by auricular diastole 15 40 sec-
onds. After corrections for camera and projec-

tion speeds, the actual duration of these two
phases of the cardiac cycle is found to equal
0.13 second for systole and 0.33 second for dias-
tole. The time occupied by systole as calculated
by this method closely approximates the figure
of 0.11 second given by Wiggers,®* 64164 The
duration of the diastolic portion of the auricular
cycle varies inversely and that of the systolic
phase directly with the auricular rate. Thus, in
intact animals with slower heart rates, diastole
is proportionately longer and systole propor-
tionately shorter than the figure given above.

ObsenvaTiox 3: NomviaL CONTRACTION OF THE
Lerr AvRICLE

Largely because of the difficulty in exposing
the left auricle for experimental study, reported
observations on this chamber are few. With the
technique employed in this Jaboratory (sec Ap-
pendix), the entire left auricular appendix, a
major portion of the body of the left auricle,
and several pulmonary veins were exposed and
studied cinematographically.

As observed in the motion pictures, left auric-
ular systole may be divided into those events
which oceur in the appendix and those which
take place in the bedy. In the majority of dogs,
movements rarely occur in the bady of the left
auricle durng systole or diastole. In only a
few cinematographs are occasional ripples of
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dix relaxes somewhat more slowly thax.l it had
contracted in systole, and becomes dlstenc}ed
with blood (Figure 12). ..

When hoth auricular appendices are obsenved
1n the same cinematograph they appear to con-
tract simultaneously. As in the right auricle,
there is considerable variation from ammal to
animal in the force and completencss of ]e'ft
auricular systole. In a few hearts, the appendix
contracts to such an extent that it pales to a
light pink color. In the remaining hearts, con-
tractions are variably less intense; in some in-
stances systolic discharge is only about 50 per
cent of the content of the appendix. Again, as
m the right chamber, increased heart rate, vary-
ing degrees of shock, and difference in fluid loss
may be wholly or partly responsible for these
variations,

Electrocardiographic Correlation: Principle
of Dissociation: By means of direct auricular
lead electrocardiograms, we have repeatedly
demonstrated that electncal activity during au-
ricular systole may be identical in the body of
each auricle. Smce the body of the left auricle
is almost motionless and that of the right ex-
hibits comparatively vigorous contractions, 1t
appears that clectrical activity may exist with
httle or no apparent muscular movement. Dur-
ing our experiments, however, we have never
observed muscular movement without associ-
ated electrical activity. These observations have
been made by simultaneous motion pictures
and electrocardiograms of both auricles under
a wide variety of conditions, both normal and
abnormal, in at least 35 experiments, and dem-

onstrate the principle that electrical activity
need not be panied by app 1

movement

OsservaTiON 4+ ThE FuNcriox oF THE
INTERAVRICULAR SEPTUM

The anatomic unity of the interauncular sep-

tum with the auricles proper has been desenibed
cather m this chapter. The followi g experi-

17

Electrical Activity of the Interauricular Sep-
tum: The heart was exposed in the manner
described in the Appendix. Through an in-
cision in the right avricular appendix, a non-
polarizable electrode was placed against the
septum. A pusse-string suture was drawn
around the electrode to prevent bleeding. It
was determined by palpation that the electrode
was in direct contact with the septum. Electro-

WITHIN THE !

RT. AURICI

oN szp'ruurl»,»
i

AVE

§ TIME 1N . - -
SECONDS ' 2 3

Figure 13, Direct int

Tip of electrode 1s on interauncular septum. Lead AVF was

recorded simultancously. Note that electric impulse is con~
N ducted through mteraurienlar septum.

cardiograms taken from this electrode recealed
auricular deflecti fally id, 1 with
those obtained elscwhere on the walls of the
auricles. Since these deflections were of the
type which can be obtaned only when the car-
diac impulse passes directly beneath the re-
cording electrode (Chapters 11, VI and VII),
1t 15 apparent that the interauricular septum
conducts the cardiae impulse in the same man-
r;g; as the remainder of the auricles (Figure

As frequently noted in the text, there is often
dissociation between electrical and mechanical
events occurring in the auricles; normal electro-
cardiographic complexes may be recorded from
the auricles without corresponding auricular
contractions. Hence, although the preceding
experiment established that the interauriculay
septum conducts the cardiac impulse, it did not
prove that the septum participates i;x aurjeular
contraction. To establish the latter fact, actual

ments were designed to study the conductile
and contractile prapesties of the septum in re-
lation to total auricular function.

was  dow
ically
dogs.

1on of the septum was necessary. This

e in the following cinematograph-

recorded experiment performed in two
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Figure 12, Enlarged photograph of left aurncle taken from high speed cinematograph

{A) Full diastole

Note situation of body which 15 bound down by pulmonary vemns and

long aunicular appendix, (B) Full systole of left auncle Note that left auncular appendix
narrows and contracts down somewhat but bady does not move.

contraction seen; these are at best only abortive
attempts at an organized systole. Thus, the
body of the left auricle in the dog appears to
serve mainly as a conduit and not as a contrac-
tile organ; the entire effective motion of the left
auricle is that of the appendix.

At the onset of auricular systole, the first
movement is a wrinkling at the base of the
appendix. This wrinkling spreads rapidly and

reaches all points on the periphery simultan-
cously. As the contraction waves reach the
periphery, the appendi is rapidly drawn in and
down toward its base. The surface of the ap-
pendix now has been thrown into a myriad of
folds or wrinkles. The body is undisturbed, re-
maining as it was m diastole. After a pause,
diastole begins m the area on the auricle where
the contraction wave was initiated; the appen-
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A decond systole contraction

Figure 15 Enlarged photographs of left aurrcle from cinematographs, showing “donble con-
tractron™ of awricle m systole  (a) Aurile s m diastole, (b) contraction has just started,
(&) systole 15 wterrupted dunng bnef penod of redaxation, and {d) completion of contraction,
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locking mechanism highly efficient, since the
taenia contracts at the instant auricular systole
begins. On the other hand, if the contraction
wave originates at some abnormal point on the
auricle, a reflux of blood into the venae cavae
occurs during the period of systole preceding
activation of the taenia.

(8) The speed of propagation of the con-
traction wave in normal sinus rhythm is greater
than in any of the auricular arrhythmias; as a
consequence the wave invades all portions of the
chamber at virtually the same time and results
in efficient auricular contraction and emptying.
When the contraction wave traverses the auricle
more slowly, as it does in the higher-rate au-
ricular arrhythmias, the auricle tends to con-
tract unsymmetrically and bloed is diverted to
dilated portions of the chamber. While a sig-
nificant amount of blood finds its way through
the auriculo-ventricular orifice, a large propor-
tion of auricular energy is wastefully dissipated.

The foregoing description empliasizes the
strategic value of the normal location of the
pacemaker within the sino-auricular node,
namely, approximately halfway between the
head and tail, probably somewhat closer to the
fatter. The auricular cantraction would be less
efficient if it arose in the head proper, which is
relatively less central with reference to the
caudal and cephalic extremities of the auricle.
To demoanstrate this point, the following experi-
ment was performed:

Efficiency of Beat Arising from Head of Sino-
Auricular Node: A fine, copper-wire, stimulat-
ing electrode was mserted into the head of the
sing-auricular node at the junction of the ap-
pendix and the superior vena cava; single in-
duction shocks from a pulse generator were sent
into the auricle at a rate of 75 per minute.
Stimuli at this rate elicit oceasional premature
systoles originating at the point of stimulation.
Cinematographs taken at 2000 frames per sec-
ond during the period of stunulation unequivo-
cally showed that the coatraction wave starting
at the head of the sino-auricular node is much
Jess efficient than the wave starting at the nor-

mal site. Because its origin is relatively Jess

central and near the right auricular appendix,
the abnormal contraction wave envelops the
appendix before the body; when the wave
reaches the caudal end of the auricle, the body
contracts and the appendix dilates, This causes
a fruitless shuttling of blood from one portion
of the auricle to another with much waste of
auricular energy. On the other hand, when the
wave starts at the normal focus near the tail
of the sinus node, the auricle contracts sym-
metrically, literally funneling the auricular con-
tents through the tricuspid valve into the ven-
tricle.

The motion pictures disclose little concern-
ing the efficiency of the left auricle during the
various types of auricular systole. The appendix
seems to contract in the same manner during
narmal sinus rhythm, auricular tachycardia, and
auricular flutter. Since the body exhibits Jittle
or no motion, it is probable that the over-all
efficiency of the left auricle is less impaired than
that of the right during these auricular arrhyth-
mias.

The observations on the efficiency of the nor-
mally-originating auricular contractions are per-
haps more of physiologic than of clinical in-
terest. In the well-functioning human heart, the
onset of an arrhythmia such as an auricular
tachycardia may have no noticeable effect on
myocardial efficiency. In patients with incip-
jent decompensations, however, the onset of
the arrhythmia may precipitate overt failure.
More detailed discussions of the efficiency of
contraction waves in relation to specific auricu-
lar disturbances are found in the approprate
chapters,

Onservarion 8: DousLe AunicuLan CONTRACTIONS

As deseribed earher, the usual normal auricu-
lar systole is a smooth, continuous contraction.
However, cinematographic study (mast reveal-
ing in this instance at 1000 frames per second )
has disclosed that in some normal animals, au-
ricular systole is in effect a double contraction
consisting of two discrete partial movements
(Figure 15). Two types of double auricular
contractions have been observed. In each, au-



d. Second systollc contraction.

Figare 13 Enlasged photagraphs of left auncle from cinematographs, showing “double cons
traction” of auncle in systole  {a) Auncle 15 m distole, (b) contraction has qust started,
(e} systole 15 mterrupted dunag boef perod of relaxation, and (d) completion of contracyon.
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Figure 16. This figure shows a

trocardiogram from a patient with heart block, The auncvlar sound waves recorded
durnmng the auricular contraction show two distinct sounds, Ay and A It 1s probable

for thys (From Lewas;

that double auncular contractions are

Mechanism and Graphic Registration of the Heart Beot, coustesy Shaw and Sans,
Ltd, London.)

ricular systole is initiated in the usual manner.
Thereafter, events proceed as follows:

(1) After a partial contraction the auricle
suddenly pauses, but almost in the same instant
resumes its activity and completes systole with
full force and vigor.

(2) After a partial contraction the auricle
suddenly relaxes into nearly full diastole, but
immediately thereafter systole is resumed and
completed in a smooth and regular manner.

In one cinematograph i which both auricles
were photographed, there was scen a double
contraction of the left auricular appendix but
nat of the right auricle (either body or appen-
dix). The single contraction of the right auricle
took place during the pause between the two
phases of the double contraction of the left; it
accurred late in the interval, just before the
second contraction began. Since the evistence
of double anricular contractions was discovered,
this phenomenon was recognized on one occa-
sion in the left auricle of a dog as the exposed
Leart was observed with the unaided eye. In
view of this experience, it appears possible that
cardiovascular surgery will afford opportunities
for similar observations m man. The phenome-
non might also be studied clinically by electro-
kymography and by cardiac catheterization.

The mechanism of the double contraction is
not clear. In the absence of concomutant
electrocardiograplue data, it cannot be stated
whether or not the double mechanical systole

is correlated with a double auricular electrical
impulse. If double aurjcular systoles are found
to be accompanied by a single electrical impulse
(which is probable since we consistently found
only one impulse for each double contraction),
present views concerning the all-or-none law
of cardiac muscle will require modification.
Any speculation in this regard must await fur-
ther study.

Two sounds during auricular systole have
been recorded in patients with heart block
(Figure 16); it is possible that a double au-
ricular contraction is responsible for this occur-
rence, Groedel*' has recorded simultaneous
jugilar vein tracings and electracardiograms
during flutter (Figure 17). The records clearly
show two distinct auricular waves in the jugu-
lar vein tracing for each aurjeular electrical
wave. The explanation in this instance must be
that two auricular contractions occur in each au-
ricular systole. We have observed an apparently
similar phenomenon in cinematographs of flut-
ter 1 dogs. Thus, double auricular contractions
probably occur in the human, Their clinical sig-
nificance is yet to be elucidated,

THE ROLE OF THE AURICLES IN THE
OVER-ALL CARDIAC FUNCTION
In many patients with auricular fibrillation,
adequate cardiac compensation may be main-
tained for years if the ventricular rate remains
within normal limits (spontaneously or with
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double auricufar contractions Were occurnng.

(1) the auncles were contraching asyn-

{From Grordel:

Venous Pulse, courtesy Brooklyn Medical Press, New York }

digitalis}]. Because of this fact, and becau:se
the Sbrillating auncles are believed by some in-
vestigators to undergn no significant coutrac-
tions, many physiologists and clinicians con-
sider the work of the normal auricles relatively
unfmportant in the over-all cardise function,
Such a conclusion is not justified without more
specific investigation.

By the method of high-speed cinematography,
the function of the auricles m the total cardio-
dynamics may be clearly determined. The amp-
htude and fullness of auncular systole, the de-
gree of dustolic filling, and the completeness
of auncular emptying can be well visualized on
the films. The force and effectiveness of auricu-
lar contraction may be further estimated by
noting the degree of ballooning of the mflow
tract m the nght ventricle {Figute 11). Thus,
an accurate appraisa) of the sutput of blood
{rom the auricles under varying conditions can
be obtaned.

The contractile properties of the auncles
were studied under conditions of {1) dimin.

1shed work; and (2) mereased work leading to
heart faddure,

Under Conditions of
Diminished Work: In many expernments m
whieh cinematographs were made during nor-
mal auricular systole, varying degrees of shock
and sinus tachycardia were present, Under
8“Ch circumstances l‘\e Yenous return Wwas dE‘
creased and the aundes, functioning under
condinions of dummished work, were seen on
the films to contract poorly. Nevertheless, the
venous retumn to the \entrigl ;

les was maintai
adequately, aintained

appatently with hittle or no help

from the auricles. From such evidence one may
form the impression that normal auricular sys-
tole is of relatively minor importance in the
over-all cardiodynames.

Auricular Contraction Under Conditions of
Tncreased Work: Control motion pictures were
taken of the exposed beating heatts in five dogs.
Infusion af warnted physiologic saline solution
was then started mnta the femoral vein at a rate
of 100 to 150 cubic centumeters per minute (a
method wtilized by Tmsley Harrison ™ in the
production of heart fadure}. On subsequent
photographs, taken at three to five minute in-
tervals, the following course of events was ob-
served;

At the outset of the experiment, the right
auricle aud the left auncular appendix contract
normally and participate in tramsporting the
normal venous return to the ventricles. As de-
senbed earhier, the body of the left auricle is
relatively non-coutractile and sesves mainly as
a conduit  As the mfusion progresses and the
venous retumn increases, the right auricle and the

Jeft aunclar appendix respond with vigorous
and Fll nncean v

prop
volu, v suntuties. A the diastolic hlood
volume of the auricles continues to increase,
auricular contractions become more and more
vigorous, and for a time effectively compensate
far the progressively enfarging venous return.
Durning t}uis 1Vcriod the stroke volume is greatly
d; the

sed imum size of the
auncles Is much greater and the systolic size
much smaller than normal, It is strikingly ap-

parent that under the stress of greatly increased
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Figure 16 This Figure shows a phonoc and sit elec-

trocardiogram from a patient with heart block. The auncular sound waves recorded

during the auticular contraction show two distinct sounds, A, and A,, It is probable

that double aurcular contractions are for this pl (From Lews:

Mechamsm and Graphic Registration of the Heart Beat, couttesy Shaw and Sons‘,
1td, London )
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ricular systole is initiated in the usual manner,
Thereafter, events proceed as follows:

(1) After a partial contraction the auricle
suddenly pauses, but almost in the same instant
resumes its activity and completes systole with
full force and vigor.

(2) After a partial contraction the auricle
suddenly relaxes into nearly full diastole, but
immediately thereafter systole is resumed and
completed in a smooth and regular manner.

In one cinematograph in which both auricles
were photographed, there was seen a double
contraction of the left auricular appendix but
not of the right auricle (either body or appen-
dix). The single contraction of the right auricle
took place during the pause between the two
phases of the double contraction of the left; it
occurred late in the interval, just before the
second contraction began. Since the existence
of double auricular contractions was discovered,
this phenomenon was recognized on one occa-
sion in the left auricle of a dog as the exposed
heart was observed with the unaided eye. In
view of this expenence, it appears possible that
cardiovascuntar surgery will afford opportunities
for similar observations in man The phenome-
non might also be studied clinically by electro-

kymography and by cardiac catheterization.

The mechanism of the double contraction is
not clear. In the absence of concomitant
electrocardiographic data, 1t cannot be stated
whether or not the double mechauical systole

is correlated with a double auricular electrical
impulse. If double auricular systoles are found
to be accompanied by a single electrical impulse
{which is probable since we consistently found
only ane impulse for each double contraction),
present views concerning the all-or-none law
of cardiac muscle will require modification.
Any speculation in this regard must await fur-
ther study.

Two sounds during aunricular systole have
been recorded in patients with heart block
(Figure 16); it is possible that a double au-
ricular contraction 1s responsible for this occur-
rence, Groedel ™! has recorded simultaneous
jugular vein tracings and eclectrocardiograms
during flutter (Figure 17). The records clearly
show two distinct auricular waves in the jugu-
lar vein tracing for each auricular electrical
wave. The explanation m this instance must be
that fwo auricular contractions occur in each au-
ricular systole. We have observed an apparently
similar phenomenon in cinematographs of flut-
ter in dogs Thus, double auricular contractions
probably occur in the human Their clinical sig-
nificance is yet to be elucidated.

THE ROLE OF THE AURICLES IN THE
OVER-ALL CARDIAC FUNCTION
In many patients with auricular fbrillation,
adequate cardiac compensation may be main-
tained for years if the ventricular rate remains
within normal limits {spontaneously or with
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venous retumn, the auricles respond with great
force and vigor to maintain the integrity of
the circulation; many times the normal auricy.
Iar content is fiterally forced into the ventricles
by the increased strength of auricular systole
(Figures I8A and B}, The augmented agricular
activity causes the right ventricle to balloon
mmediately following auricular systole, As the
venous return continues to increase, a point is
finally reached at which the intensity and com-
pleteness of auneular systole begin to diminish
e auricle continues to dilate, soon all ppj-
e of auticulor contractions completely dis.
appears (Figure 18B), Simultaneously re-
corded electrocardiograms show that electrical
activity continues undjsturbed.

The divect visual evidence that within certain
physiologic Yimits, auricular contractions grow

as th
dene
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more vigorous and complete as the diastolic vol-
ume increases, and more feeble and incomplete
as the diastolic volume decreases, confirms the
applicability to the auricles of a well-known
physiologic principle first defined by Starling
(Starling’s “law of the heart”).

Clinical Correlations: From the above series
of observations, it is evident that the stroke out-
put of the auricles in the dog may vary within
wide limits. When shock or tachycardia is pres-
ent and the venous return small, the stroke out-
put of the auricles diminishes and auricular
contraction is relatively weak. When the ve-
nous return is larger and the diastolic auricular
volume correspondingly increases, contractions
become full and vigorous and the auricular out-
put is greatly augmented. Eventually, progres-
sively increasing diastolic volume may stretch
the auricular wall to a point at which spontan-
eous compensation is no longer possible, and
auricular failure results, That these experimen-
tally demonstrated phenomena are applicable
to man, as well as the dog, is indicated by both
radiocardiographic and clinical evidence.

Chnicians have noted fluoroscopically that
the amplitude of auricular contraction is de-
creased in shock states and in congestive heart
failure, while in conditions associated with ex-
citement the amplitude of auricular contraction
is greatly increased. The existence of these phe-
nomena, long known clincally, has now been
confirmed by experimental production and di-
rect cinematographic observation in the dog.

Since the dog's auricle normally fails to empty
itself completely during systole, obviously
emptying would be even more incomplete in
auricular failure. As noted earlier, radiocardio-
graphic study demonstrates that the normal
human heart lkewise does not empty atself
completely. By the same method, it can be
shown that the amount of bload remaining in
the auricle is much greater in clinical conges-
tive failure. In Figures 10 and 198 (radio-
cardiograph of normal human heart), the angle
at R (end-point of right heart flimg) is ex-
tremely acute; the angle at L (end-pointﬂ of left
Yieart filling} is relatively obtuse. Examination
of the abnormal curve representing congestive

failure, as shown in Figures 19A and B, discloses
that no angle is present at R and angle L is flat-
tened to almost 180 degrees. Thus, comparison
of the curve from a patient in severe congestive
failure with that of the normal demonstrates
that the filling of the heart in congestive failure
is gradual and slow with no definite end-point
in either the right or left side of the heart and
that the emptying is extremely prolonged. The
analogy of these altered cardiodynamics in the
buman with those observed in the espenmen-
tally induced cardiac failare in the dog is ap-
parent.

As first observed by Mackenzie ' the dias-
tolic rumbling murmur of mtral stenosis may
diminish or disappear when congestive failure
is advanced. The murmur recurs with its pre-
vious intensity after congestive failure is alle-
viated. Smee authorities agree that the murmur
is due to vibrations created as the blood goes
through the narrowed mitral valve, apparently
Jess blood passes through the valve with Jess
vigor during congestive failure. Therefore, it
may be that in man, as in the dog, the auricle
contracts less completely when congestive fail-
ure is present.

In the normal phonocardiogram a sound
wave precedes the first heart sound. This sound
wave is attributed to auncular systole, in the
absence of cardiovascular abnormahties it is
usually below the range of clinical audibility.
This is not surprising in view of the compara-
tive weakness of normal auricular systole In
conditions assoclated with increased auricular
activity, it is probable that the greater force
and excursion of the auricular contractions in-
crease the amplitude of this auricular sound
wave and render it audible. Swce diastolic
gallop rhythms are associated with increased
auncular activity, this may be the mechanism
responsible m some cases for the third sound
characteristic of such thythms. Tiis mechanism
can be assumed to operate in clinical ventricu-
lar failure. As a result of ventricular falure, the
auricles are called upon to perform increased
amounts of work, the amplitude of auticular
systole is angmented, and the third sound be-
comes andible.
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The amount of work done by 3 Typertrophied
auricle, such as commonly occurs lcer(;h\
forms of heart disease in which the a:mcl? 4;’3
been under p d strain, is y
greater than that m acute experiments on dogs.
This would explain the frequent occ?ncnce'qf
some types of ga“o‘p rhythm in patients with

ertrophied auricles.
“y’!Ehe copmp:xr:tﬁs'e rarity of gallop rhythm'dur-
ing auricular fibillation, i w‘x\i'cl\ tl\e{e is mo
organized electrical or mechamca} activity, s
also consistent with these observations
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contraction of the taenia terminalis at the onset
of auricular systole prevents refiux of blood
into the venae cavae (this sphincter-like mech-
anism does not oceur i the left auricle); and
(8) due to the relatively mpi&} speed of propa-
gation of the novmal contraction wave all. pat-
tions of the awricles enter systole nearly simul-
taneously, In the awricular arshythmias, one
or more of these three factors is lacking; as 8
result, the contraction waves are less efficient.

An interesting incidental finding of unde-
termined significance is the discovery that in
some normal animals auricular systole consists
of two distinct partial contractions.

By means of high-speed graphs, d}e
exact site of origin of the normal heartbeat in
the dog has been visualized for the first time.
1t appears to lie in the taenia terminalis be-~
tween the head and the tail of the sino-anricolar
node, somewhat nearer the tail, at a site ap.
prosimately midway between the candal and
cephalic extremities of the auricle.

The dynamics of night and left auricular con-
tractions, as observed in slow motion pictures,
has been described The nght anricle contracts
symmetrically about the site of origm of the
impulse, the left auncular appendix contracts
symmetncally about its base. The auncles
usually do not empty completely during sinus
thythm. The body of the left auricle in the
dog is largely non-contractile and serves mainly
as a conduit The interauncular septum is ana-
tomically and functionally an integral part of
both auricular chambers, ke the remainder of
the auricular musculature, 1t both canducts the

carchac impulse and undergoes contraction,
Auricular contractions arising at the normal
site of ongm are more efficient than those from
other focs on the auricle, including the head
of the sino-suncular pode. The following three
factors combme to make normal s thythm
the most eficient aunicular mechanism, (1) the
sute of ongn of the contraction wave near the
tail of the smo-auncwlar node, midway between
‘lhe~ cephahe and canda) ends of the right

::;r;c(l:;, 3}\00\; ls“:\c\‘c wave tg 'reach the extremi-

e e nearly simultaneously, (2)

y means of a venovs-lacking mechanism, the

The graphic technigue of studying
ausicwlar contraction offers a direct visual
method of determining the role of the auricle
in the over-all cardiac function. Evidence ob-
tained by this method appears to indicate that
undes normal conditions the exposed dog’s -
auricles play a relatively unimportant part in
the transportation of blood to the ventricles;
under conditions of stress (increased venous
return or ventricular failure) they assume arole
of major importance in maintaining the in-
tegrity of the circulation by contracting with
force and vigor. During periods of diminished
work the auricles contract poorly. As the dias-
tolic valume grows progressively Jarger, finally
the avricles can no Tonger respond and com-
plete failure ensues; motion pictures reveal that
the auricles at this state are greatly dilated and
no longer contract,

The el d hic char:

notmal smms thythm are briefly described, Al
though the body of the left anricle is almost
motionless during normal systole while that
of the right contracts vigorously, direct lcad
electrocardiograms indicate that electrical ac-
tivity in the bodies of the auricles is identical,
Similarly, when auricular failure results from
the stress of increased venous retun, electrical

activity in the auricles is undiminished, These
two npscwntinns demonstrate the principle of
d‘\ssoc\ation of mechanical and electrical ace
tivty. Mechanical achivity in the auricles may
be greatly dmmished while normal electrical
activity persists unchanged., ’

istics of
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more vigorous and complete as the diastolic vol-
ume increases, and more feeble and incomplete
as the diastolic volume decreases, confirms the
applicability to the auricles of a well-known
physiologic principle first defined by Starling
(Starling’s “law of the heart”).

Clinical Correlations: From the above scries
of observations, it is evident that the stroke out-
put of the auricles in the dog may vary within
wide limits. When shock or tachycardia is pres-
ent and the venous return small, the stroke out-
put of the auricles diminishes and auricular
contraction is relatively weak. When the ve-
nous return is larger and the diastolic auricular
volume correspondingly increases, contractions
become full and vigorous and the auricular out-
put is greatly augmented. Eventually, progres-
sively increasing diastolic volume may stretch
the auricular wall to a point at which spontan-
eous compensation is no longer possible, and
auvricular failure results. That these experimen-
tally demonstrated phenomena are applicable
to man, as well as the dog, is indicated by both
radiocardiographic and clinical evidence.

Clinicians have noted fluoroscopically that
the amplitude of auricular contraction is de-
creased in shock states and in congestive heart
failure, while in conditions associated with ex-
citement the amplitude of auricular contraction
is greatly increased. The existence of these phe-
nomeng, long known clinically, has now been
confirmed by experimental production and di-
rect cinematographic observation wn the dog.

Since the dog’s auricle normally fails to empty
itself completely during systole, obviously
emptying would be even more incomplete 1n
auricular farlure. As noted earlier, radiocardio-
graphic study demonstrates that the normal
human heart likewise does not empty itself
completely. By the same method, it can be
shown that the amount of blood remaining in
the auricle is much greater mn climcal conges-
tive fatlure. In Figures 10 and 19B (radio-
cardiograph of normal human heart), the angle
at R (end-point of nght heart filling) is ex-
tremely acute; the angle at L (end-point. of left
Teart filling) is relatively obtuse.. Examman'on
of the abnormal curve representing congestive

failure, as shown in Figures 194 and B, discloses
that no angle is present at R and angle L is flat-
tened to almost 180 degrees. Thus, comparison
of the curve from a patient in severe congestive
failure with that of the normal demonstrates
that the filling of the heart in congestive failure
is gradual and slow with no definite end-point
in either the right or left side of the heart and
that the emptying is extremely prolonged. The
analogy of these altered cardiodynamics in the
human with those observed in the experimen-
tally induced cardiac failure m the dog is ap-
parent.

As first observed by Mackenzie,"® the dias-
tolic rumbling murmur of mitral stenosis may
diminish or disappear when congestive failure
is advanced. The murmur recurs with its pre-
vious intensity after congestive failure is alle-
viated. Since authorities agree that the murmur
is due to vibrations created as the blood goes
through the narrowed mitral valve, apparently
less blood passes through the valve with less
vigor during congestive failure. Therefore, it
may be that in man, as in the dog, the auricle
contracts less completely when congestive fail-
ure 1s present.

In the normal phonocardiogram a sound
wave precedes the first heart sound. This sound
wave is attributed to auricular systole; in the
absence of cardiovascular abnosmalities it is
usually below the range of climeal audibility.
This is not surprising m view of the compara-
tive weakness of normal auricular systole In
conditions associated with increased auricular
activity, it is probable that the greater force
and excursion of the auricular contractions in-
crease the amplitude of this auricular sound
wave and render it audible. Since diastolic
gallop rhythms are assooiated with increased
auricular activity, this may be the mechanism
responsible in some cases for the thid sound
characteristic of such thythms. This mechanism
can be assumed to operate mn climeal ventncu-
lar failure. As a result of ventricular failure, the
auncles are called upon to perform increased
amounts of work, the amplimde. of auricular
systole is augmented, and the third sound be-

comes audible.
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disease with mifral stenosts, th.e éistmb:.lr‘me. ma‘);
presage the appearance of auricular Rbrillation
Multifacal premature beats may ecompany se-
vere myocardial disease but we have a!sq seen
such heats in normal hearts. An increase in the
sumber of premature contractions following
exercise suggests 2 damaged myocardivm.*
Auricular premature systoles have been re-
ported 1o resuft from exercise {0 patients with
angina peetoris, © in these instances the de-
lop of the p tions pre-
coded the anset of anginal pain and could be
prevented or delayed by gumidme. The prog-
nostic sigmficance of the arrhythmia appears
to be related to the cardiac rate, in patients with
heart rates over 110 per minute, the presence
of aurictlar premature beats roay ind myo-

will increqse the irregularity of Fbrillation.

Individual premature heats may be too \vcz‘\k
to open the semi-lumar valves. Under such cir-
cumstances two phenomena may accur (e8]
Such beats fail to reach the peripheral pulse, as
a result of which fewer beats are palpable at
the wrist than are audible at the cardiac apey
{“pulse defieit”) and (2) at the agey, ouly the
First heart sound might be heard. Levine and
Harvey ™ have pointed out that in rare in-
stances auticular premature systoles may ocenr
withowt accompanying heart sound.

The difference in length of the compensatory
pulse sometimes enables a keen observer to
make a bedside differential diagnosis between
auricular and sentricular premature systoles.

cordial damage. Auncular premature contrac-
tions may be associated with aurieular mfare-
tionJ#

In nervous and sensitive subjects the symp-
toms may be extremely annoying and often be-
come the basis for a cardiac newrosis. A wide
variety of sensations may be expenenced, such
as. (1) palprtation caused by the fisst strong
beat after the pause; ® (2} cesebral symptoms
{ollowing the sudden & of blood in the
jugufar veins if the auricle contracts during ven-
toeufar systole; and (3) a minor Buttering sen-
sation which may ocewr during an interpolated
premature systole™ “S Jn many indwiduals
these symptoms gradually disappear although
the arthythmia continues. In rare instances pre-
mature systoles occur with such frequency as to
interfexe with the cardiae output and cause gid-
diness

The chinieal diagnosis can be made more ac-
curately by direct cardiac 1 than by

The 1 tary pause after a auricular pre-
mature systole is usually short; in ventricular
premature systole the time interval from the

ding sinus beat through the comy Y
pause is exactly equal to the bme occupied by
two normal beats.

Electrocardiographic diagnosis is, of course,
the most conclusive. Nevertheless, the major
portion of our fundamental knowledge was ob-
tained through stndies of the venous and ar-
seriat pulse by means of the polygraph and
sphygmograph fong hefore the electrocardio-
graph had come into general use, 1% o

Elimination of aggravating factors together
with seassurance are wsually the only measures
sequired for successful therapy. The use of va-
rious pharmacologic agents in the treatment
of this arthythaia is discussed in Chapter XV11.

Becanse of the innocuous character of the
auncular premature systole, few studies have

h:'c.r: devoted ta the clucidation of

palpation of the perpheral palse, i the periph-
eral artery the premature heat may be delayed,
weak or imperceptible. s 24 ey By exkhe;
method, when auncular prematyre systoles a.r-e
numerous they are sometimes difficnit 1o dis-
tinguish from auriewlar fbrilation, A differen-
tial diagnosts is easily made by increasing the
heart rate. As a rule, sunple exercise will cause
amenlar premature systoles to disappear g

Lo its exact
. - Tn this monograph, however, au-
nieular premature systole 1s given major

em-
?hatsxs, for a clear nnderstand‘mg of its natare
is ! to the ion of the

more compheated auricutar arthythmias,

EXPERIMENTAL METHODS
Experimentally produced
ture systoles in over 4p dag

s s were studied b
means ot high-speed cmematography, clectt)cy-

aurricular prema-



CHAPTER II

Auncular Premature Systole

Avnicuran premature systole —the simplest
auricular arrhythmia — was among the first of
the cardiac disorders investigated by means of
the new techniques and apparatus developed
in the late nincteenth century. Brief references
to irregularities in the cardiac rhythm are found
in the earliest medical writings*® Clinical
studies of premature contractions based on the
improved methods were carried out by Knoll
in 1872 *12 and Rosenstein in 1877, 1879. Dur-
ing this period the primary discoverics of Bow-
ditch in 1871 *° on the all-or-none law; of Marey
in 1877;4% and of Cushny and Matthews in
1897 *** on the refractory phase of cardiac ac-
tivity and of Engelman in 1894, 1895 14 1% on
the physiology of the pulsating heart, enabled
investigators to establish fundamental facts re-
Jating to the awricular premature systole. Sir
James Mackenzie in 1894 41 4¢ differentiated
auricular and ventricular premature contrac-
tions, Wenckebach in 1898 ¢*" % and, inde-
pendently, Cushny in 1899 2** discovered that
the clinically observed premature contractions
of the heart are similar to those obtained ex-
perimentally in the physiology laboratory. Per-
haps the greatest clinical contribution of the
period was that of Mackenzie,"® who first dem-
onstrated that auricular premature systole was
of itself harmless and hore none of the grave
prognostic implications which most clmicians
had attributed to it.

Many other workers in the late nineteenth
century, including Henschen, Langendorff and
Hering, made valuable studjes in this field.®
n view of the limited facilities at their disposal
the observations were remarkably accurate;
their basic conclusions are consistent with re-

sults obtained by use of the most modern in-
vestigative methods.

CLINICAL CONSIDERATIONS

Auricular premature systoles occur somewhat
more frequently in males than in females. The
incidence is highest in the aged, lowest in in-
fants; no age is exempt, In the majority of pa-
tients the heart is structurally normal; #. 205 345,
#1633 in the presence of heart disease, however,
the incidence of auricular premature systoles
is greater than in a comparable group of nor-
mal persons. Approximately one-half of all pa-
tients with this disturbance have no knowledge
of its existence.

The etiology 1s unknown. In susceptible indi-
viduals varjous extraneous aggravating factors,
such as tobacco and aleohol, may mitate the
arthythmia. Forced breathing may eliat pre-
mature beats.™® Instances have been noted in
hyperthyroid ** and in myxedematous pa-
tients.®* Surgical procedures are among the
common inducing factors; the disturbance has
been precipitated by mtubation and anesthe-
sia, % intrathoracic operations,® pericardiec-
tomy * and cardiac catheterization * 2% 3%
¢ Auncular premature systoles have occurred
as a result of digitalis poisoning.®® When associ-
ated with infection, such beats apparently indi-
cate cardiac involvement but not necessarily
irreversible damage.”

Auricular premature systole in normal hearts
usually is inconsequential. In general, the pres-
ence of this arthythmia in individuals with car-
diac or other disease does not add to the gravity
of the prognosis.’™ When associated with cer-
tain heart conditions, especially rtheumatic heart

(28]
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cardiography and cathode-ray oscillography.
In most instances the more rapid rate of ar-
rhythmias were produced in the same animals
following completion of the observations on
auricular premature systoles. Three methods
were utilized in the production of premature
beats:

(1) Mechanical irritation of the auricle by
stroking with a wooden applicator.

(2) Local application of 0.03 per cent aconi-
tine in benzene to a small area on the wall of
the auricle.

(8) Electrical stimulation through a fine

capper-wire electrode sutured to the auricle
at a chosen site.

The auricle was stimulated by single induc-
tion shocks administered at a determined rate
by means of a faradic stimulator. Shocks at
rates under 100 per minuté commonly " pro-
duced occasional and scattered auricular pre-
mature beats. Only a few of the stimuli found
excitable muscle to produce premature systoles;
the majority fell during refractory periods and
were effective. During rapid sinus rhythms,
the non-efractory (excitable) periods were
relatively shorter and consequently the num-

P | .
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Figure 20 Three direet auncular electrocardiograms illustrating the effect
on the heast rate produced by changes m rate of eleetrical stimalation
A Normal stnus rhythm, auncular rate 130 beats per minute
B Aurcular premature systole Auricular rate 143 beats per nunute
Stimulation rate 136 per mmute The first five stimuh falt dunag the fl\l!‘llml-
lar refractory penod and do not ehiait premature beats The srcth slxml: us‘,
marhed X, falls dunng a nou-rc[mctm’yI pcrmdI and an anncular premature
lo results Arrows denote electrical stimuli .
sysch Afll:ntculdr paroxysmal tachycardia, The stimulation rate is §SD DC;
minute and evceeds the ratc of the basic sinus rhythm End\hc ecm.ca
stimulus 1s followed by an aurcalar :m(li :er}xltncu:iu response The tracing
aractenisic of aancular parovysmal tachycardia
* CI‘,;‘namiury current has been deliberately mduced !ol make ]pv:ss:‘bl‘sae;:‘ssy
differentiation of the P and P' waves from the electncal smulatio
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focus usurped the pacemaking function de-
pended upon the prevailing sinus rate; when
the rate of stimulation exceeded that from the

sinus node, the ectopic focus determined the.

basic cardiac rhythm (Figure 20).

Some workers have maintained that pre-
mature systoles can arise only in the special-
ized conduction system of the heart.®® In this
investigation no portion of the auricle subjected
to an adequate stimulus failed to respond; pre-
mature systoles weie produced at any site to
which a stimulus was applied.

Three main sites of the right auricle were
chosen for study: (1) the caudal border of the
body near the inferior vena cava; (2) the tip
of the appendix; and (3) the head of the sino-
auricular node. On the left auricle two sites
were chosen: (1) the appendix; and (2) the
body of the auricle.

CINEMATOGRAPHIC APPEARANCE
OF AURICULAR PREMATURE SYSTOLE
IN THE EXPERIMENTAL ANIMAL

The premature beat begins as a wrinkling
in the auricular wall in and around the ectopic
focus. From this focus the wave of contrac-
tion spreads out in all dircctions simultancously,
and envelops the entire auricle which, with a
puckering movement, is gathered in toward the
focus in completion of systole. Diastole, which
follows immediately, likewise begins at the
ectopic focus and pursues a course identical
with that of systole (Figure 21).

The sequence of events is the same regard-
less of the location of the ectopic focus. Figure
99 jllustrates diagrammatically the course of
the contraction wave of a auricular premature
systole when the ectopic focus is (A) at the
caudal end of the right auricle, (B) at the tip
of the right auricular appendiy; and (C) in the
center of the body of the nght auricle.

When the ectopic focus 1s located at the
caudal end of the 1ight auricle, the wave is
seen to travel m a broad band across the length
of the chamber, embracing its entire width from
the auriculo-ventricular groove to the intercaval
region (Figure 22A). When the ectopic focus

is at the cephalic end of the auricle (tip of the
appendix), the course of the wave is toward
the caudal end (Figure 22B). When the cctopic
focus is in the center of the auricle, the wave
spreads outward from the focus in the circular
fashion of ripples on a pond after a stone has
been dropped into it (Figure 22C).
Premature contraction waves vary in

C Focus at the center of auncle

93, Stills with durgrammatic illustrations showing
the course of the contrachon waies of auncular premature
systoles anising flmm dnﬂ'lcrcmly placed ectopic foct {aconi-

ht auncle
hnc)(f\n) %fmﬁc focus at the caudal end, (B) ro?.s at Ithlc
cephalie end of the naht auncle, and (C} focus n]xll '(:wl’:lf]e
Note that the contraction wae travels o all asails
directions

Frgure
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outwards

lectncally stimulated. The contraction wase has stasted 1o spread

ele

The conts [ head of the sinus node At this pornt,
has spread only a short distance from its onigin at the
B The contrachon wine v ’ the contraction ¢nded.

C  Auntcle now n complete dastole, following abortive contraction (A and B)
Figure 23 Example of mcomplete contraction occastonally
h systoles

after spreading over only 2 small part of the aurcle and the
seen 1n of auncula 15 at its maumum  In C auncle has returned to
Dlectneal jmpulse 1s wtroduced through a fine copper wire  complete diastole (compare with complete auncular pre-
sutured to auncle at head of sinus node Ta A start of con- mature beat fn Figares 21 and 85)
tracion ware 15 shown In B wave 1 seen to termunate
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ship to the cardiac cycle, and in degree of | PR intervalis prolonged. The small, rapid com-

completeness.

ELECTROCARDIOGRAPHIC AND
OSCILLOGRAPHIC APPEARANCE OF
AURICULAR PREMATURE SYSTOLE

OsseRvaTioN 1: SHAPE OF THE P Wave
OF AURICULAR PREMATURE SYSTOLES

With the discovery and widespread use of
the electrocardiograph, certain characteristics
of P waves of auricular premature systoles have
become well known. In experimentally pro-
duced auricular premature systoles in animals,
in conventional limb and precordial leads the
auricular deflections (P’ waves) usually are
found to differ in configuration from those of
normal sinus beats (P waves); Y ®% the P’
waves are known to vary in shape with the lo-
cation of the ectopic focus from which they
originate. The P waves inscribed by auricular
premature systoles starting near the sinus node
are similar to or identical with normal P waves
and are recognizable only by their prematurity;
such I’ waves are gencrally upright in leads
1 and 2 (Figure 25A). P" waves of premature
systales starting at the caudal end of the auricle
are deeply inverted, especially in leads 2 and 3
(Figure 25B).

Figure 26 shows auricular premature systoles
recorded by the cathode-ray oscillograph from
direct auricular leads in the dog. Minute details
of the deflections, invisible m mechanically re-
corded tracings, are distingwishable. The waves
of the premature beats are more complex and
often wider than the normal. Frequently the

ponents of the P’ waves which appear in each
complex are not artefacts; their exact signifi-
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Figure 25 Premature auncular systole prodeced at varous
sites m nght auncle of a dog Lead 2

(A} Aurncular premature systole produced by mech-
amical stroking of nght auricle near sino-auricular node,
The 3rd beat 15 a premature auncular systole (X) starting
near tail of the nade Note that the shape of the P’ wave
is closcly similar to that of the normal P nave

(B} Premature auricular systole produced by stroking
at caudal end of auncle Note that the resulting P’ wave 1s
sharply mverted.

The dizection of the P’ wase in lead 3 15 generally the
same as that 1n lead 2. Tt 1s sharply myerted when the ec-
tapic focus 1s produced at the caudal end of the auncle, it
is vpnght or soelectric when the wpulse starts at or near

the smus node,
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cance is unknown. Use of the oscillograph per-
mits much greater accuracy in me.asurement of
the P-R interval than does the ordinary electro-
cardiograph.

Osservamiox 2: Ta Wave Forrowine
AURICULAR PREMATURE SYSTOLES

Normally the P wave is not followed by a # i =
visible Ta wave (wave of repolanzation); the ki tolt

[ SR A .

)

Tatter 15 usually obscured by the succeedx{lg | SEGONDS 2 !

ventricular complex.1» 31 1% 253, 231, 688 T gy r

se of a delayed fuave is mvsble or masked by the ventncular comp ex In

“““‘{,1P‘f";“tt;i,;{:i:?;;ﬁ:;;’:;‘ & Ta wave sy | o o Gmied by the et complex. fn
or blocked v 5

Figure 27, Normally the Ta wave which follows the P

ware {F'} is an avnicular premature systole produced by
appear {Figure 27). The Ta wave assumes con- | S e auricle  Because of the refractory state of the

siderable importance in the high.[requem;y ar-  venincle no ventncular complex follows; the Ta wave is

easily seen. Bicause of the abnonnal course of repolanza-
rthythmias (Chapter Vi), ton of the auncle duting 1 e mature systole, the Ta wave
1s abnormally large and promment,
OBstrvATION 3 VENTRICULAR ABEnratioy g

AURICULAR PREMATURE Systore premature systoles (Figure 28), The distortion

. due to aberration affects the entire ventricular

Aberration of the ventricular .complex may complex (QRS and T). Other workers believe
oceur in all asxricular arrhy.thmxas. We have that ventricular aberration jn awricular pre.
observed ventricular aberration szter both ex. mature systole is due to a disturbance of con~
penmentally produced and elincal aurtcular duction tissue, Apparently the degree of aber.
ration varies directly with the degree of pre-

i ﬁ @ maturity; © 3% 52t however, other factors may

=il P P also be related to the phenomenon, This sub.
A m \MPMPfif" 2 ject is discussed in greater detail in Chapter XV,
oY . .
Q@ Q

Osservatiow 4- Counse, or e Excrranax
Wave or Ausicuran PREMATURE SystoLe

In the following exper; i
o e & experiments, auricylar pre-
. -:_Auu_ les st matl;]re sy;mles were produced at varioys sites
F on the right ayricle. the course of the resultin

). — — onthe; ; g

P f\‘\l etcftahon wave was studied by means of divect

) o Q aurjeular le.ads recorded on a multip]e—channel

i o electmgnrdmgmph 2nd a dual-beam cathode-

Figure 28 Direct auncnlar deads recorded with the oscillo. vl omllugraph As noted in Chaptcr L the
scope

intrinsic deflection is define
S v Bunealar premature bests (e P the sharp n
recorded at xch:lns}y slow camera speed of spprovmaely g
M per second The P terval
tion and are longer than l}?c :qerS e vonsble m dura-
3 Two aunculap beats taken at o
19 em, per second There i on bet s of cously,
one premgneeond 1 ek, ¢ normal beay followed by
Mace as wide as the nonm -
be studied 1n the osarflograph with 5 ruch aeenal
of acturacy than huthegto
-Q mtenal 1 seconds

d as the onset of



38 THE AURICULAR ARRHYTHMIAS

LEAD
P P P P P - p .

i A Y -:!: ak

" «E P’ N é' " ';I Pf’ ‘ t !
35"". .\A-'V"',‘.\ﬁ"\f-" :V ;\'\-’ ’\-S‘.I .,-_5‘. "

. —_
— T s

; P 2 3 4q s 6 7
! .TIME IN SEGONDS )

Figure 28. Simultaneously recorded lead 2 and esophageal  or ventricular premature systoles In the simultaneously
Tead from patient with auwricular premature systole In lead  recorded esophageal lead (E 85) a P’ wave can be scen
2 no evidence 15 seen of auncular activity before the abnor-  before each aberrant QRS complex Therefore, the diagnosis
mal complex and it would probably be diagnosed as nodal 15 auncular premature systoles with ventncular aberration,

| e

" PREMATURE AURICULAR SYSTOLE
REGULAR SINUS BEAT
PAROXYSMAL AURIG. TAGHYGARDIA

- - . . .

lar tach dra pro-

Figure 29. Premature auncular systole and p mal

duced by mechanical strokng of nght auncle m dog  Direct auncular Tead. lI;eust

compley 15 a premature auncular systole, second complex 15 a normal sinus at

After 3rd beat there 15 a paroxysm of auncular tachycardra  Note that the P “;“,e

10 the ausrcular premature beat and the P’ waves in the parosysm of aurcatar ftfac 7)!-

cardija are identical m shape The P wiuc of the normal smus beat 15 of differen
shape
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les and
Figure 30, Isolated auricolar premature systol

c;%dm from an ectapic focus produced by acemihine at
a dog Upper and lower stnps represent ane continuous tracing
AN complexes matked B ove of regular snuy ongwn
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short parovysms of auncular rachy
the caudal end of the nght aunde in
from a direct anncular lead,

The suncular complexes markd P* are
prematute auncular beats _Of these the Sth and 10th heate wm shn ==

oo the fower -
m “runs” of ¢

Note that the
beats are

greatly increased by use of the cathode-ray
oserffograph

Occasionally, when an auricular premature
systole was produced at a certain site, “runs”
of such premature beats (auricular tachycar-
dia) resulted; mate rately, auricular flutter and
fibrllation were obtamed (Figures 29 and 30).

Focus at Tip of Right Appendis: Two non-
patarizable electrades ¥* (described in the Ap-
pendix) were placed on the right auncular wall
on a line perpendieular to the sulcuy terminghs
(Figute 81) Electrode A was adjacent to the
auriculo-ventricular groove and electrade B

from both electrodes were inseribed simultane.
ously during the premature systoles. Hence, the
electrical jmpulse from the ectopic focus at
the tip of the right avricular appendix must
have arrived at both electrodes simultaneously.
When the cxperiment was repeated with the
ectopic forus located at the caudal end of the
right awticle, equidistant from the two elec-
trodes, the impulse again amwed simultane-
ously at both electrodes { Figure 32). Since the
electrodes were placed ta include in their span
the full width of the body of the auricle, it may
he concluded that the exeitation wave of auric-

was jyust above the sulcus s, P
systoles were produced at the tip of the right
auricular app at a point imatel

1

ular pr systole travels from the ectopic
fzxuf across the auricle in a broad band and

equidistant fsom the two elestrodes by mechan-

1eal stroking of the area with & waoden apph-
cator stick.

Figore 31 shows that the intrinsic deflections

the full width of that chamber,

Focus ot Caudal End of Right Auricle: A
second experiment was performed with two
electrades placed on the awridle in a line paral-
Jel ta the sulcus terminaks, between it and the
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Figure 31 Elect i) of an lar premature
systole produced at the tip of the nght appendix mn a dog by
mechameal stroking. Lead 2 and direct aurtcular leads A
and B were recorded sunultaneously. Electrode A 1s ncar
the aunculo-ventricular groove, B near the suleus termmalis
(each electrode equidistant from the ectopre focus) Dur-
g normal sinus thythm the mtrnsic deflection of the P
wave 1r B (which s closer to the sino-auncular node than
A) 1s ahead of that of A by about 002 sccond Note also
that B has a smaller upnght auncular deflection than A,
thus indicating that the normal mmpulse reaches B before
A The 3rd beat 1s the auncular premature beat In this
stance, the mtrmsic deflections occur simultaneously, and
confirms the fact that the ectoptc mnpulse reached A and
B at the same time. Observe that the P’ wave in lead 2 1s
sumilar to the normal P wave Note also that the mtrinsic
deflecions of the normal and premature beat occur dunng
the P and P’ waves m lead 2

Figure 32  Electrocardiograms of auncular premature sys-
toles produced at the caudal end of the nght auncle in a
dog by mechanical strokmg The 3rd and 4th beats (X) are
auntcular premature systoles Lead 2 and direct auncular
leads were recorded smultaneousfy Electrode A 15 near
the aunculo-ventncular groove, B ncar the smno-auncular
node (cach electrode equidistant from the ectopic focus).
The intrinsic deflection of the P wave of B an the normal
beats is about 002 sccond ahead of A The intninste deflec-
tion 1n B 1s almost entirely negatine, whereas tn A, it s
Jarge and positne Thus 1t 15 mdicated that 1o normal sutes
thythm the impulse travels from B to A The ntnnsic de-
flections of the two premature beafs occur at exactly the
same mstant 11 A and B, respectinely The P wave in lead
9 15 decply inverted m contradistinction to the upnght P’
wave of lead 2 1n Figure 81 This is due ta the difference
1 the location of the ectopre focus m the two expenments
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Figure 33 Demonstration that the impulse
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-culo-sentricular groove, An ectopic.
::;aeds(:a‘l:\eishcd by gr:\cchanical Slim‘.“i““”i‘wﬂ‘
the caudal end of the right auricle (Figure & )

The intrinsic deflections reveal that thcd m;
pulse seached electrode A before clcc(r.o c'
during the prematurc systale. Thus, it was
demonstrated that the excitation wave traveled
from the site of ongin at the caudal end of the
right auricle across the chamber in a caudo-
cephalic direction. .

Focus at Center of Right Auricular Body:
Two electrodes, one dorsal (B) and one ventral
(A), were placed on the body of !1)c rig\zt
auricle equidistant (approximately % antn-
meter) from the site to be stimulated {Figure
34). Premature systoles were produced by me-
chanical stroking at the center of the body of
the auricle.

During normal sinus beats, the intrinsic de-
flections from electrode B were inscribed ap-
proximately 0.03 second before those from elec-
trode A (Figure 84). Thus, the excitation wave
of the normal sinus beat traveled in a ventral
direchion from the sinus node toward the
periphery. When the premature beat was pro-
duced at the ectopic focus in the center of the
auricle, the intrinsic deflections from electrodes
A and B were inseribed simultaneously, indi-
cating that the excitation wave spread from the
focus of origin in dorsal and ventral directions
simultaneously and at the same rate of propa-
gation.

Summary: The tracings of auncular prema-
ture systoles obtained in the above experiments
show that the impulse leaves the ectopic site
of ongm and spreads outward over the auricle”
in all available directions simultaneously. It js

the caudal end of the nght awncle travels tn 2 direction
dufferent from that of the norma) sinus beat Lead 2 and
direct auncular leads were recorded simultancously  Elec-
trode A 15 near the ste of ectopue focus {caudal end of
u;mde).‘ﬂ 15 n;x )lh’cn‘smo«aunculu node (ste of ongin
of normal smus beat e 3rd beat 1s the premature syst
produced by mechanscal strolang ? sysole
In the first two (normal) beats there 15 a pure nega-
tve deflection 1 the £ wave n B and a positive deflection
m A The wtrinsic deflection of the P wave 1 B acceurs
epproumately 0.04 second ahead of A Thus mducates that
w regular sinus thvthm the impulse travels from B towards
A In the prematare systole (3rd beat) the more positne

thus d rated that in pr auricular
systole the course of the excitation wave as de-
termined by direct lead clectrocardiography
corresponds to the course of the contraction
wace from the same site as visualized by high-
speed cinematography (Figures 21, 22 and 33).
L TR L TIBNTes £, e and 9o).

deflection occurs in B, the mtnnsic d f:
» eflection 1 A Is now
ahrax% of ? The P wave i lead 2 1s mverted, Thus the
impulse of a premature auncular systole staming at the
caudal end of the aundle travely 1n f

a caudocephalic direc.
tion, a course different from that of the normal siws beat
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Figure 34 Course of the unpulse from an ectop:
relation to course of normal sinus impulse  Drrect
Electrode A 15 near the aunculo-ventnicular groove,
During normal smus beats,
bed about 0.03 second before A. This demonstrates that the
ventral direction from the sinus node toward the

eqnidistant from ectopre focus).
P waves of clectrode B were inscn
normal sinus cxatation wave traveled m 2

penphery When the premature beat was produce
bed 1 1o i

1c beat arising in the center of the aurcle,
auricular leads wete recorded simultanously
electrode B near sino-aurscular node {each
the mtnnsic deflections of the

d the wtnnsic deflections from eleetrodes
that the evcrtation wave spread trom the

A and B were
focus of ongmn m dorsal and ventral
prop.

EFFICIENCY OF AURICULAR PREMATURE
SYSTOLES

The successive ocenrrence of auricular pre-
mature systoles and normal sinus beats as vis-
ualized on cinematographs makes possible an
accurate comparison of the relatve effieency
of these two cardiac rhythms. It has been ob-
served counsistently that premature contractions
are less efficient than normal beats.

The efficiency of a given premature contrac-
tion depends upon three factors: (1) the time
relationship of the beat to the cardiac cycle
(degree of prematurity); (2) the distance of
the ectopic focus from the normal sinus pace-

I directions at the same tme and at the same rate of

agation

maker; and (3) the degree of completeness of
the beat.

(1) In general, the earler in diastole a pre-
mature contraction arises, the less efficient it
will be. In the initial phases of diastole the
auncle is only partially filled and but a small
amount of blood is avalable for transfer to the

fater 1 diastole auncular filling is
of blood for

ventricle,
more complete and the supply
systole more adequate.

(2) The greater the distance of the ectapic
focus from the normal sinus pacemaker, the less
efficient 1s the premature beat. The cinemato-
graphs showed that beats arising from focr on
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node. The wave

A, Aurcula premature systoles produced by electneal simulation through a wire <ewed 1nto head of simus
of contraction starts at the head of the sinus node and spreads ontwasd

C The appendi and bod ’
a y of the auncle a *
pendi and body o re now n dastole, but the catdal y
gy e sk o e sppeni and Doy of e ot e e durele 15 20w contracted
ular premature systole {prod of appondre
tacal stimulation) startn T Dol o e .
2 at head contraction w
DO AL 0 (el n g g b ol s o
g n asymmetncal
tions, such o Sy e o contrac.
tess efficent, e, hence
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the right auricle furtherest from the tail of the
sinus node, such as the extreme caudal end
of the right auricle (Figure 21), were most
inefficient; the contraction wave had to travel
approximately twice as far as the normal wave
to reach remote parts of the chamber, In its
course, the wave propelled the auricular con-
tents toward the right auricular appendix where
blood was pooled as in a blind pouch. When
on completion of systole the contraction wave
enveloped the auricular appendix, the pooled
blood was displaced backward to the caudal
end of the auricle in which region diastole had
already begun. Thus blood was shuttled from
one end of the auricle to another with only
small volumes being funneled through the tri-
cuspid orifice into the right ventricle. These
events are demonstrated in Figure 21. In Fig-
ure 21B the auricular premature systole has
covered part of the auricle and the appendix
is distended with pooled blood. In Figure 21C
the premature systole is completed, the appen-
dix is fully contracted, and the pooled blood is
displaced backward into the relaxed caudal
end of the auricle.

(8) The observation has been made repeat-
edly that the contraction wave of auricular
premature systole frequently spends itself be-
fore reaching the periphery of the auricle.
Under such circumstances, auricular emptying
is only partially effected and to that extent
such systole is obviously inefficient.

Premature beats arising near the tail of the
sinus node (close to the normal pacemaker)
are more cfficient than those from the head of
the node. In the former, the effectiveness of
the contractions is impaired only by prematur-
ity and incompleteness of systole; the adverse
effect of distance from the normal pacemaker
is eliminated. In the Jatter instances, the head
of the node is sufficiently far removed from the
normal ‘pacemaker (Chapter I} to make the
factor of distance operative (Figure 35)

Clinical Correlation: The time relationship
of the premature beat to the cardiac cycle may
serve to explain two clinical phenomena: (1)
During some auricular premature systoles only

the first heart sound is heard. When a pre-
mature beat occurs early in diastole the amount
of blood transferred to the ventricles may he
too small to open the semi-lunar valves so that
the second heart sound is not audible. (2)
Occasionally an auricular premature systole is
associated with subjective sensations in the
jugular areas. When an auricular premature beat
occurs simultaneously with ventricular systole,
the tricuspid valve is closed and serves as a
dam behind which a large amount of blood
collects in the jugular veins. This trapped blood
may distend the veins and cause subjective
symptoms.

Visual Confirmation of Starling’s Law: Since
the premature beat is less efficient than the
normal beat, it usually permits a large volume
of residual blood to remain in the auricle. This
results in greater diastolic filling immediately
preceding the next regular sinus beat. The
cinematographs reveal that the succeeding con-
traction — the first sinus beat after the prema-
ture beat — is more virogous and complete than
the normal systole. The greater intensity of this
contraction is undoubtedly a direct result of
the greater volume of blood in the preceding
diastole and is thus a visual confirmation of
Starling’s Law, pamely, that the force of the
systolic contraction is proporhional to the de-
gree of diastolic filling (sec Chapter I). This
increased Joad after the pause may account for
the transient pulsus alternans frequently noted
clinically immediately following premature sys-
toles.

DISCUSSION

The fact that the experimental production of
auneular premature systoles depends upon a
specific Telationship between the rate of stimu-
fation at the ectopic focus and the prevailing
sinus rate suggests an explanation for certain
well recognized clmical aspects of this arrhyth-
mia. Climcally, premature systoles are apt to
ocour when the basic sinus rhythm is slow, and
beats may be ehminated when the

remature
p common bed-

Dbasic sinus rate is accelerated. A i
side method of differentiating multiple prema-
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ture beats from suncular fibnllation is the
employment of measures which either slow or
accelerate the cardiac rate. When the rate is
slowed, the thythm of auricular fibrillation tends
to become less irregular, whereas that of multi-
ple premature systoles becomes more irregular
due to au increase in the number of premature
beats. When the rate is accelerated, the results
are usually reversed The influence of the basic
auricalar rate on the of p t

cinematography; the associated clectrical ex-
citation wave has been studied by direct and
indirect lead electrocardiography and cathode-
ray oscillography. The course of the contraction
wave as observed in the motion pictures is iden-
tical with the course of the excitation wave as
seen in the electrocardiograms and oseillograms.

Auricular premature systoles were experi-
mentally produced in two human subjects by

heats is due to variations in length of refrac-
tory periods. When the rate is slow, the non-
refractory phase between beats is relatively
long and stimuli at an ectopic focus can readily
contact excitable muscle to cause premature
contractions When the basic rate is rapid, the
nonrefractory period is short and there is hitle
opportunity for stimuli at the ectopic site to
take effect. For the same reason, because of the
extremely rapid basic rates in auncular paroxys-
mal tachycardia, auricvlar futter and auricular
fibrillabon, stimul from other ectopic foci
which might cause premature systoles durmng
normal smus rhythm cannot become effective.
Hence, no premature auricular contractions
occur during, these rapid rate arthythmias,

SUMMARY AND CONCLUSION

The contraction wave of experimentally pro-
duced auricular premature systole in the do
has been observed by means of high-speed

i\ 1 stimulation of the auricle during
surgical procedures in the chest. The contrac-
tion and relaxation waves of the arrhythmia in
man are wdentical with those in the dog,

Both photographically and electrically, the
aurienlar premature systole and the normal
sipus beat are essentiafly analogous. In each
thythm the contraction and excitation waves
arise from a single specific site, the normal beat
from the sino-auricular node, the premature
beat from an ectopic focus. In both rhythms
each contraction and relaxation wave spreads
out from the site of origin in an identical man-
ner, travelling in all available directions simul-
taneously. The auricular premature systole dif-
fers from the normal beat in location of the
site of origin, in time relationship to the cardiac
cycle (factor of prematurity), and in complete-
ness of contraction. In direct relation to the
extent to which a premature systole differs from
normal with respect to these factors, s effi-
cency is adversely affected.
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Auricular Paroxysmal Tachycardia

CLINICAL CONSIDERATIONS

Avmicvran paroxysmal tachycardia is a condi-
tion characterized by repeated bouts of regular
heart action at rates faster than normal sinus
rhythm, The tachycardia rate range is usually
between 140 and 250 beats per minute, most
often between 160 and 200 beats per minute.
In most instances duration of an attack is from
a few minutes to several hours, although the
less common paroxysm persists for days, weeks
or even months. The onset of the arrhythmia
with all its attendant clinical phenomena is
sudden and startling; the transition back to
normal sinus rhythm with complete relief of
symptoms is equally abrupt. The onset and
termination of the attacks each occurs within
a single cardiac cycle. Not infrequently isolated
premature auricular systoles precede and fol-
low paroxysms of tachycardia.

The nature and mechanism of auricular par-
oxysmal tachycardia are discussed in detail lates
in this Chapter.

Etiologic and Pathologic Factors: No specific
etiologic factors or pathologic lesions have been
identified in this disturbance. Like auricular
premature systole, auricular paroxysmal tachy-
cardia occurs often m otherwise normal hearts
and must therefore be regarded as essentially
functional in ongm. When 1t occurs 1n diseased
hearts there 15 no constant association with any
specific lesion. Although the arrhythma appar-
ently is somewhat more frequent m mitral sten-
osis, it may be seen in all other types of valvular
lesions, in myocardial damage without valve
Jesions, and in certain types of congenital heart
disease including auncular septal defects, Eisen-

menger complex, downward displacement of
the tricuspid valve, drainage of all pulmonary
veins into the right heart, and isolated dextro-
cardia. It may appear as the first sign of coro-
nary artery disease and on occasion it follows
myocardial infarction,

Age and Sex Incidence: Males and females
are affected with equal frequency. The arthyth-
mia is rare in infaney and early childhood and
becomes increasingly common after adoles-
cence; its incidence is greatest in the third and
fourth decades. In infants, the arrhythmia is
often serious and may prove fatal; not infre-
quently it occurs in association with the Woll-
Parkinson-White syndrome. In the younger age
group (first four decades), paroxysms oceur;
most frequently among normal persons or pa-g
tients with rheumatic heart disease or hyper-
thyroidism. In age groups beyond the fourth
decade the incidence of the arrhythmia is great-
est among subjects with myocardial disease and
hypertension; it is less prevalent in older per-
sous with rheumatic heart disease or hyper-
thyroidism

Precipitating Factors: In persons subject to
this arthythma attacks often occur under the
following circumstances. (1) emotiomal dis-
turhances, (2) unusual effort or exertion, (3)
acute digestive disorders (flatulence, ete.), and
(4) sudden changes in posture

The archythmia may be initiated during or
immediately after surgical operations. Parox-
ysms are not uncormmon during deep anesthesia
or during the first 24 hours postoperatively,
these attacks may be related to hyposia. Bouts
of tachycardia have been reported to result
from endotracheal intubation during anesthesia;

[46)



AURICULAR PAROXYSMAL TACHYCARDIA

these mstances were attributed to 2 reflet mech-
anism. A similar mechanism was suggested for
auricular tachycardia accompanymg mampula-
tions of varions structures in the thorax.(pt?n—
cardium, pleura, ete.). Casdiac catheterization
may induce auricular paroxysmal tachycardia,
although auricular premature 5y stoles are @
more common complication of that procedure;
the resulting paroxysms usnally are of brief
duration and no senous effects have been noted.
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strual cycle; M'* in one instance t}}e fﬂ\acks be-
gan at puberty, in the other later in life. A case
is reported in which the patient was able to
induce a paroxysm by holdmg his breath and
tightening his abdominal muscles {Valsalva

maneuver )%
<

Symp y: The symy of auricular
paroxysmal tachyeardia vary with the ecardiac
rate, the duration of the parovysm and the
underlying state of the heart. When the rate is

A number of i of auricular paroxysmal
tachycardia have been observed following digi-
tahs medication, either as a result of toxic over-
dose or as a true idiosynerasy™® The arthyth-
mia is an infrequent complication of postural
hypotension, in such instances the disturbance
appears when the patient stands and may result
in severe disabtlity, One patient has been seen
in whom either premature systoles, fibnllation
ot tachyeardia developed whenever an upnight
position was assumed. Paroxysms may accom-
pany gastro-ntestinal disorders ar gallbladder
disease. The arrhythmia may occur during preg-
nancy. Many patients are awakened from sleep
by tachycardia, presumably the disturbance is
mduced by depression of the sino-auricular
node or by the excitement of disturbing dreams.
Everaise and exaitement appear to be among
the most important precipitating factors.
Within a period of three months we have seen
four patients in whom paroxysms could be in-
duced by exercise.

A number of interesting and wnusual cases
have been recorded m the bterature. An in-
stance of nodal tachycardia vccurring post-
pattum 15 seported;* the arthythmia was ac-
companied by severe shock, but the patient
tesponded well to therapy, Auncular paroxys-
mal tachycardia was noted in two patients with
cervical nbs, *** apparently a dwect causal re-
Tationship existed, since the arrhythrma dis-
appeared following resection of the ribs. One
case of auricular paroxysmal tachycardia was
lfs:tl:r‘m::sgf:smdeic“iﬂl hypothyroidisi.*? Two

! tibed m which paroxysms of
supraventricular tachycardia almogt imvanably
occurred immedhately preceding each men-

Jerate and the paroxysm of short duration
few or no subjective symptoms may prevail;
the patient is aware only of a transient “flutter-
ing” sensation in the chest which npon reassur-
ance he learns to ignore. When the parotysm
lasts an hour or longer it may cause dyspnea,
anvety, and sometimes angina-ike pain. With
the progression of the attack these symptoms
usually become aggravated and more severe
signs of congesuve failure occasionally deselop.
Syncope is not an uncommon complication
either at the onset or at any time during the
course of the attack, In the presence of coro-
nary artery disease, severe and sometimes pro-
Jonged anginal pain (status anginosus) may
occur.  Although all these complications are
more apt to develop in the presence of signifi-
cant myocardial disease, prolonged paroxysms
of tachycardia at rapid rates may precipitate
serious congestive falure even in otherwise nor-
mal hearts This is especially true in infants in
whom the archythmia not infrequently termi-
nates fatally. ’

In the great majonty of instances the PArot-
ysms end abruptly with rapid disappearance of
all vy Occasionally the termination is
D T e O e
events are !Ieetin;; in dﬁr‘:\ti:nl :x:&e o these

T are followed
rapidly by a sensation of complete relief, With
t%le termination of the paroxysm alt ].\ /si ;
signs vapudly recede. After o pmkmgedp azm:;
l‘ow?"“' residuals may persist for seyera] hours,

Diagnosis: The diagnosis i .
presents httle difficulty o dm most instances
established at the beé’sid: 'I;?: (;‘Sll‘an}'. e
ing features are the sudden on st

set and n rate




CHAPTER 11]

Auricular Paroxysmal Tachycardia

CLINICAL CONSIDERATIONS

Avnicuzan paroxysmal tachycardia is a condi-
tion characterized by repeated bouts of regular
heart action at rates faster than normal sinus
rhythm. The tachycardia rate range is usually
between 140 and 250 beats per minute, most
often between 160 and 200 beats per minute.
In most instances duration of an attack is from
a few minutes to several hours, although the
less common paroxysm persists for days, weeks
or even months. The onset of the arrhythmia
with all its attendant clinical phenomena is
sudden and starthng, the transition back to
normal sinus rhythm with complete relief of
symptoms is equally abrupt. The onset and
termination of the attacks each occurs within
a single cardiac cycle. Not infrequently isolated
premature aurnicular systoles precede and fol-
low paroxysms of tachycardia.

The nature and mechanism of auncular par-
oxysmal tachycardia are discussed in detail later
in this Chapter

Etiologic and Pathologic Factors: No specific
etiologic factors or pathologic lesions have been
identified in this disturbance. Like auricular
premature systole, auricular paroxysmal tachy-
cardia occurs often m otherwise normal hearts
and must therefore e regarded as essentially
functional in origin. When it occurs in diseased
hearts there 1s no constant association with any
specific lesion. Although the arrhythmia appar-
ently is somewhat more frequent in mitral sten-
asis, it may be seen in all other types of valvular
lesions, in myocardial damage without valve
lesions, and in certain types of congemtal heart
disease including auricular septal defects, Eisen-

/

menger complex, downward displacement of
the tricuspid valve, drainage of all pulmonary
veins into the right heart, and isolated dextro-
cardia. It may appear as the first sign of coro-
nary artery disease and on occasion it follows
myocardial infarction.

Age and Sex Incidence: Males and females
are affected with equal frequency. The arthyth-
mia is rare in infancy and early childhood and
becomes increasingly common after adoles-
cence; its incidence is greatest in the third and
fourth decades. In imfants, the arthythmia is
often serious and may prove fatal; not infre-
quently 1t occurs in association with the Wolff-
Parkinson-White syndrome. In the younger age
group (first four decades), paroxysms occur;
most frequently among normal persons or pa-g
tients with rheumatic heart disease or hyper-
thyroidism. In age groups beyond the fourth
decade the incidence of the arrhythmia is great-
est among subjects with myocardial disease and
hypertension; it is less prevalent in older per-
sons with rheumatic heart disease or hyper-
thyrodism.

Precipitating Factors: Tn persons subject to
this arrhythma attacks often occur under the
following circumstances: (1) emotional dis-
turbances; (2) unusual effort or exertion; (3)
acute digestive disorders (flatulence, ete.); and
(4) sudden changes 1n posture

The arthythmia may be mmtiated during or
immediately after surgrcal operations Parox-
ysms are not uncommon during deep anesthesia
or durmg the first 24 hours postoperatively;
these attacks may be refated to hypoxia. Bouts
of tachycardia have been reported to result
from endotracheal intubation during anesthesia;

(461
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Figure 39 Auncular flutter with 2 1 auneplp-

ventricular block. Standard hmb leads 1,2

and 3 simulate auncular parovysmal tachycar-

dia, But in the chest lead the diagnoss of flatter

15 apparent Evans** retently emphasized ths
phenomenon

(usually between 160 and 200 beats per mm-
ute) which remains absolutely constant and per-
fectly regular throughout the paroxysm. Upon
auscaltation the sounds are all alike in quality
and intensity. Maneuyers which tend to in-
crease vagal tone (carotid sinus pressure, hold-
ing of breath, etc ) entherleave the rate and rhy-
thm totally unaltered or result in a sudg
complete change to normal slow
These features are

en and
sinus thythm.
possessed by no other arrhy-
thmia and are therefore diagnostic A further
detuled differential diagnosis of the regular
tachycarduas is presented in the chapter on au.
ricular flutter (Table 1, Chapter V),
The elechocarduographic diagnosis is usually
definitne The P wave of tachyeardsy may be
diphasie or notched, fre-
quently 1t 15 simular tg the P wave of normal

sinus rhythm whch 15 upnght (Figures 35
and 38), (s o

Several sources of eaor in - electrocardio.
graphic diagnosis 3re worthy of note:

(1) In standard limb leads, flutter may sim-
ulate tachycardia when alternate flutter waves
are buried in the ventricular comp!exes (Fig-
wre 39). This problem is discussed in a recent

aper by Evans.?®

Pll(?;) \)\'hen the ¥ wave of auricular tachy-
cardia is buried in the ventricular complex the
condition miay be diagnosed as nodal tachy-
cardia (Figure 40) or, in the presence of bundle
branch black, the differential diagnosis betw een
auricular and ventricular tachyeardia may be-
come difficult or impossible (Figure 41).

(8) In the presence of partial or sarying
auriculo-ventricular block, auricular paroxy smal
tachycardia may simulate auricular fibriliation
in leads with P’ waves of low amphitude.

(4) Unusually rapid sinus tachycardia (rate
over 150 beats per minute) may be confused

:AURIGULAR TAGHYGARDIA

Yooy .i.P?-.P?
e WA i,

[ . RATE =143/ 1y

Figure 40, Electrocardio
Eram from 2 pations with augicy-
Tlr\ep;fovvvyam:l tachycardia. smnlating nodal m:hyamu;i";
"8 26 subtimposed on f T .
T waves; as result the T Wares appear hrgfa;:&'lmu vy
and the Q. mtenaly 5

nght,
'ppear Ealsely pmlonged? ®
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Figure 36 Electrocardiograms of a
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6 DAYS LATER

patient taken dunng (A) normal sinus rhythm
1 1 tach ¥

dra which six

and (B) dunng an attack of T

days later
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(B)
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Figure 87 Electrocardiogram of a patient |taken L( A) ch-
fore and (B) durng a p of

The P and P' waves 1n leads 1, £ and 3 are sinlar in both
Aand B
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Figute 38 Electrocardiogram of patient with auncular par-
o:imal tachycardia The P’ waves are upnght m leads 1, 2
and 8 Aurtcular rate 1s 168 beats per mmute
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Figure 42 Auncular 7 1 tach

y da producing el & hic changes of
myocardial fangue {(coronary wnsufficiency ) m a 56 year old male with artenosclerotic heast
diease and the Woll-Parkinson-White syndrom

1st day of aunculac tachycardin  S-T depression i leads 1, ¢ and CF, and drphasic T n
lead 2, and 1 exted T 1n CF..
4rd dav of auncular tichycardia  S-T depression i leads 1. 2 and <&
T wayes in Jeads 1 wmore Seeply mverted - o
6th day Normal sinus rhythm resto
and bas pewly appeared n lead 3. The T
nght in lead 1, but has become inverted 1

36th day  With the exeption of the muerted T waves 1 CF\, the signs of coronasy 1«
sufficiency have almos completely disappeared

With the restoration of nonmal sinus shythm {smce 6th day) the charactenstic pattern
of the Wollf.Parkinson-White syndrowe has refutn ®



50 THE AURICULAR ARRHYTHMIAS

Figure 41. Auncular tachycardia with left bundle branch
block simulating ventnieular tachyeardia Leads 1, 2 and
8 exbibut no defimte evidence of annenlar actinty and sug-
gest a diagnosis of ventnicular tachycardia, In the chest
lead, however, invcrted P’ waves appear before cach ven-
tricular complex, defimtely establishing the presence of
auncular tachyeardia,

with auricular paroxysmal tachycardia. Seda-
tion and carotid sinus pressure are helpful in
differential diagnosis. Sedation usually causes
gradual slowing of the rate mn sinus tachycardia
but not i paroxysmal tachycardia. Carotid
sinus pressure slows the rate of sinus tachy-
cardia slightly while pressure is maintained; in
auricular paroxysmal tachycardia this proce-
dure either fails to affect the rate or suddenly
terminates the arrhythmia,

These problems in interpretation sometimes
can be eliminated through the use of esopha-
geal leads and high precordial (V and CR
leads). The increased amplitude of the P waves
recorded in such leads makes the auricular com-
plexes more distinet (Figures 39 aud 41).

Because of the marked differcnce in prog-
nosis and treatment, the mportance of distin-
guishing ventricular from auncular tachycardia
is apparent. When the P waves of the clectro-
cardiogram and the “2” waves of the jugular
pulse oceur at a rate slower than the ventricular
ate, the tachycardia is of ventricular origin
If ventrienlar tachycardia occurs without retro-
grade block, liowever, a differential diagnosis

may become difficult. Other types of tachy-
cardia are discussed later in this chapter.

Prognosis: In general, the prognosis for most
patients with auricular paroxysmal tachycardia
is favorable. The majority of attacks occur in
persons with otherwise normal hearts; in at least
half the cases the paroxysms terminate either
spontancously after a brief period or can be
terminated readily by simple means such as
carotid sinus or ocular pressure.

In patients with structural heart disease, cs-
pecially coronary artery disease, attacks of
rapid-rate tachycardia which are resistant to
therapy may precipitate serious complications,
namely, congestive failure, prolonged anginal
pain, collapse and death. As a result of rapid
heart action the effective coronary blood flow
may be decreased while the work of the heart
is greatly increased. Subendocardial and more
diffuse myocardial necrosis has been observed
under such cireumstances. Appearance of clee-
trocardiographic evideuce of myocardial is-
chemia dunng or after paroxysms of tachy-
cardia is common (Figurc 42). Under such
conditions aurjcular paroxysmal tachycardia as-
sumes great prognostic importance, Sometimes
even the most careful management fails to
terminate the arrhythmia and the patient suc-
cumbs.

More rarcly, in the absence of structural heart
disease, rapid-rate tachycardias which persist
for many hours, days or weeks may lead to sim-
ilar serious complications This is strikingly
illustrated in tachycardia in infants in whom
the rate is apt to be extremely rapid and the
paroxysm prolonged and resistant to therapy.
Even m adults without structural heart disease,
serious complications occasionally occur. An
interesting case of this type is reported by
Levined® “A man of 40 who was otherwise
perfectly well had had three attacks of tachy-
cardia dunmng the previous few years Each
attack lasted uninterruptedly for five to 11 days.
Duning the first one he developed a hemuplegia
from which he gradually recovered in the
course of a few months with a shght residual
spasticity of one side of the body. During the
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Figare 43 Electeocardiograms  of patient having
theurnanse heart thsease assorsated with frequent epre
sodes of auncular premature systoles and auncular
parovysmal tachycardia

{A) Sius rhythm The 8rd heat (s an suredlar
premature systole wath large upnght 7 waves,

EXPERIMENTAL STUDIES
In spite of 1ts imp the mech of

{B) A tracng taken a few scconds after A
shows auncular paraxysmal tachycardia, Note that
the P waves of the tachyeastha are of the same con-
figuration as the I wase of the auncular prematore

systole jn A,

1878, with the suggestion that vagus paralysis

aurieular paroxysmal tachyeardia has recewed
comparatively htile attention from investiga-
tors. As a resull, opinions concerning its nature
are diverse and {acts are few.

Wlle the writings of ancient authors prob-
ably include accounts of this deamatic sifment,
in modern times the earbest descriptions of au-
vicwlar paroxysmal tachycardia are those of
Cotton mn 1867311 Bristawe (o 1887, and
Bouveret in 1659, Bouveret named the con-
dion “tachyeartha parosystique essentitielle”
Yerringham in 1837 % rredited Tuchzek, in

was ble for the srhythmia, and ad-
vanced the rival theory of “wntation of the
sympathetses.”

On the basis of a study of cireulating excita-
Yions in rings cut from turtle hearts, Mines %8
proposed that a circus movement might be
causal in some instances of clinical parovysmal
tachycardia. Qliservations on the cffects of
quinidine led Nlicscu and Sebastiani®® to g
simddar conclusion.  Ashman and Hull ¢ in 1944
espressed the opinion that parovysmal tachy-
cardsas were often, though not always, due to
a circus movement into and ovt of the sino-
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second attack he developed aphasia which
gradually disappeared in four months. During
the third attack, dry gangrene of the left arm
developed requiting amputation at the shoul-
der. We saw this man in 1914 during the fourth
attack and found the heart rate to be 250 a
minute, After obtaining certain data on this
patient the attack was immediately ended by
ocular pressure. It was the first time his attacks
had been controlled, for the others had stopped
spontaneously after lasting many days, In fact
this may have been the first instance in which
ocular pressure was ever effective as a treat-
ment for paroxysmal tachycardia.” In explana-
tion of the complications that occurred in this
case Levine points out that “while the heart
was beating 250 times a minute the pulse pres-
sure was extremely Jow. During several attacks
in which the patient was observed the systolic
pressure was around 94 to 96 and the diastolic
around 88 mm. Thercfore, this patient had an
effective pulse pressure of na more than 6 or 8
mm. One can readily see from this how throm-
bosis in peripheral vessels could easily develop.
This must have occurred in the cerebral vessels
during two of the attacks and in the vessels of
the left arm at the time gangrene occurred. The
process essentinlly consisted of stagnation of
the blood. In such a case it is evident that
proper therapy was imperative, for this patient
is still alive and in fairly good health”
Treatment: The effectiveness of prophylaxis
and treatment varies considerably. Prophylais
consists of elimination of possible aggravating
factors, correction of patholagic states which
tend to precipitate the arrhythmia, and admin-
istration of indicated drugs
All aggravating factors such as excitement,
fatigue, and excessive use of tobacco, aleohol
and coffee should be ehminated. Adequate
oxygen should be supphicd during surgical pro-
cedures and the postoperative period of respira-
tory depression. Abnormalities of Bblood pres-
sure or thyroid function should be controlled.
Cervical ribs may be resected. Paroxysms of

tachycardia associated with gastrointestinal
dysfunction may be prevented by suitable dict
and antispasmodics; removal of a diseased gall-
bladder sometimes proves effective. Useful
drugs in the prophylaxis of the disturbance in-
clude quinidine, digitalis, potassium and va-
rious sedatives (Chapter XVII).

As a rule, the more rapid the tachycardia and
the longer the duration of the attack, the more
difficult is the management. In the active treat-
ment of a paroxysm of tachycardia, simple pro-
cedures often prove successful and should be
initiated promptly. The patient is reassured and
placed in a comfortable position of rest. Meas-
ures which increase vagal tone may then be
applied in the following order: carotid sinus
pressure, ocular pressure, and induced vomit-
ing. Carotid sinus pressure is by far the most
effective of these methods but frequently is
beneficial only after intravenous administra-
tion of a rapidly-acting digitalis preparation
(cedilanid, etc.). Tachycardias at extremely
high rates respond less readily to increase in
vagal tone, an observation first made by Lewis.

If measures which increase vagal tone fail
to end the paroxysm, sedation should be used
to induce slecp Few textbooks mention the
effectiveness of sedation in the treatment of
tachycardia, yet we have repeatedly observed
the termination of an attack following this
simple measure.

When simple vagal stimulation and/or seda-
tion prove meffective, one of the following
drugs may terminate the paroxysm. digitalis
or the allied cardiac glycosides, quinidine, qui-
nine dihydrochleride, intravenous atabrine, in-
tranvenous morphine sulfate, mtravenous mag-
nesmm sulphate, ergotamine, acetylcholine or
acety}-B-methylcholine  (Mecholyl), Neosy-
nephrine or ipecac. If the patient is in shock
and absorption from owal and hypodermic
routes is poor some of these drugs may be cau-
tiously administered intravenously. The dosage
and specific indications for the use of each drug
are discussed in Chapter XVIL
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Electrocardiograms  of patient  having
shepmavie bear, disease assactated with frequent epr
sodes of auncylar prematuse systoles and auseular
patoxysmal tachycardia,

{A) Sinug thythm The 8rd beat 1s an awncular
prematute systole with farge vpnght ¥ waves.

Figure 43

EXPERIMENTAL STUDIES
1u spite of 1ts importance, the mech of

{B) A traomg tahen 3 few scconds after A
shows aaricular paroxysmal tachycardha, Nate that
the P* waves of the tachycardia are of the same ¢on-
figuration a5 the ¥’ wave of the avneular prematwie

systole m A

1878, with the supgestion that vagus paralysis
was 1

auncular paroxysmal tachycardia has recewved
comparatively Ittle attention from mnestiga-
tors. As a yesult, opimons concerning s nature
are diverse and facts are fow.

While the wntings of ancient authors prob-
ably mclude accounts of this dramatie aifment,
in modern times the earliest d of au-

ible for the awrhythmia, and ad-
vanced the rival theory of “imitation of the
sympathetics.”

On the basis of a study of circulating excita-
tons i rmgs cut from turtle hearts, Mines ¢
proposed that 3 cireus movement might be
ca“ial in some instances of dinical parotysmal

ricular parotysmal tachycardia are thase of
Cotton 1n 1857 > ™ Brstowe m 1887, ™ and
Bouveret n 1889, ** Bouveret named the con-
dion “tachy cardia parovystique essentitielie”
Hemngham in 1897* credited Tuchzek,

2. Observations on the effects of
quinidine led Mesen and Sebastiani ® to a
sunilar conclusion. Ashman and Hnft® in 1944
expressed the opinfon that patoxysmal tachy-
cardias were often, though nat always, due to
8 cireus movement into and out of the sina-
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auricular node. This theory was favored by
Barker, Wilson and Johnston * in 1943 in their
discussion of the mechanism of auricular parox-
ysmal tachycardia in man, From a consider-
ation of “(1) the form of the auricular deflec-
tions; (2) the effects of exertion, vagal stimu-
lation, digitalis, quinidine and other drugs upon
the auricular rate and the duration of the parox-
ysms; (3) similarities, differences, and relations
between it, auricular futter and fibrillation; (4)
the spontaneous oceurrence of auriculo-ventric-
ular block in a small number of cases and the
difficulty or impossibility of producing it in
most of the others; and (5) the occurrence of
alternation in the auricular cycle Iength,” they
suggested that “the view that aurjcular parox-
ysmal tachyeardia is cansed by circus rhythm
invelving one of the specialized nodes — the
sino-auricular or the auriculo-ventricular node
~deserves serious consideration.”

Hoffmann was the first to assert that in parox-
ysmal tachycardia, “the numerous beats were
all extrasystoles and not ordinary contractions.”
Wenckebach  and Mackenzie “'* were of sim-
ilar opinion.

Lewis 35 33 38 yoaarded cireus movements
unlikely as the basic mechanism of auricular
paroxysmal tachycardia. He pointed out that
the total amount of auricular muscle is not
sufficient to support a circus movement in the
presence of cycles the length of those which
occur in auricular paroxysmal tachycardia “if a
reasonable conducting rate is allowed.” *%* Be-
cause of the electracardiographic similarity be-
tween auricular premature systoles and the
individual tachycardia complexes (Figure 43)
and because of the frequent development of
tachycardia in patients with premature beats,
Lewis embraced the view that auricular parox-
ysmal tachycardia was simply a “run” of an-
ricular premature systoles.

Decherd, Ruskin and Herrmann®® plotted
the momentary atrial electrical axes. Although
unable to exclude the possibility of a circus path
through the sino-auricular node, they felt that
auricular tachycardia probably was not due to
a circus movement. Scherf %5 considered

his observations of aconitine-produced arrhyth-
mias incompatible with the assumption that
tachycardia is caused by a circus movement.

Clearly, at present there is no general agree-
ment among investigators concerning the na-
ture and mechanism of auricular paroxysmal
tachycardia. One possible explanation for this
discord is that heretofore the course of the
excitation wave in tachycardia has not been
traced by means of direct experiments. In some
of Lewis' experiments % %% the auricle was
driven electrically; in others, tachycardia fol-
lowed ligation of a coronary artery. Although in
the former instances post-stimulatory fRutter
sometimes persisted long enough for electro-
cardiographic study, “spontaneous” {post-stim-
ulatory) tachycardia either failed to occur or
continued for a period too short to permit
adequate observations.

MATERIALS AND METHODS

In the present study the mechanism of ex-
perimentally produced auricular paroxysmal
tachycardia was demonstrated by visualizing
the auricle cinematographically; electrical phe-
fiomena accompanying the mechanical events
were recorded on both the electrocardiograph
and cathode-ray oscilograph. These observa-
tions were made during attacks of experimental
tachycardia in about 40 dogs. Electrocardio-
grams of spontaneous auricular paroxysmal
tachycardia in 107 bumans were also analyzed
(Chapter IX). In addition, electrocardio-
graphic stadtes were made of auricular tachy-
cardia produced expenmentally in 18 patients
by mechanically strokmng the auricles of the
exposed heart during surgical eperations, the
procedure and sesults of this undertaking are
reported in detail in Chapter IV.

Auncular paroxysmal tachycardia was pro-
duced in dogs by three methods: (1) local ap-
pheation of aconitme; (2) electncal stimula-
tion; and (3) mechanical stimulation. )

(1) A solution of 0.05 to 02 per cent aconi-
tine in benzene, on a cotton-tipped applicator,
was applied externally to an arhitrarily chl?sen
spot swabbed dry on the surface of the auricle.
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Figure 44 Lead &

(A) Aconstine was placed on caudal porhion of the
dog’s auncle The 10th buat (X) 1 s wnlated auneslac
premature systole, P’ ware 1 mverted The smus P waves
are all upright.

{B) Contmuaton of A, First & beats are of regu-
lar smus ongin - A paroxysm of auricular tachycardia starts
at X, The P ware 1n the tachycardia 13 exactly the same

8% the ¥ wane 1 the ssolated premature beat 1 A,

In several instances, the imtial effect was the

pp of a few p systoles rapidly
followed by aurcular p smal
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Regardless of the site chosen as the ectopic
focus, onty rarely were we wnable to praduce
tachycardia. In some experiments the aconitine
was mixed with Indin ink to accentuate the
photographic appearince of the ectopic focus.
(2) Single induction shocks from a pulse
generator were sent into the wall of the amricle,
at a chosen site, through a fine copper-wire
clectrode. As stated in Chapter 11, the type of
arrhythmia produced was determined by the
rate of stimulation. Shock rates of less than
100 per minute® usually elicited seattered au-
ricular premature systoles {Figure 20). Rates
greater than 150 stimuli per minnte usually en-
abled the ectopic focus to usurp the pacemak-
mg function from the sino-auricular node, pro-
ducing a paroxysm of auricular tachycardia. As
a rule, the arrhythmia persisted only during the
period of stimulation; in rave instances and for
brief periods, 1t continued as a post-stimulatory
effect after the shocks were discontinued.

(3) The auricles were stimulated by me-

Y chycardia
(Figure 44) In other cases, flutter or fbrlla-
tion developed almost immediately, by cooling
or freezing the aconitine focus (Appendix),
these higher rate arrhythmias were often con-
verted into auricular tachycardia. In either
event, the tachycardwa usually persisted long
engugh to permit adequate photographie, clec-
b di hic and  oscillographi

s

studies.

A

|
NORMAL SINUS RHYTHM!
et AP A

i
]
)

4
i
h

h 1 stroking with a wooden apphcator.
In all instances auncular premature heats were
readily cheited. Rarely, short runs of auricular
patoxysmal tachycardia were produced (Fig-
wres 23 and 45).

* Dogs i d with sodiam batbytal

¢ wswall
have sinus tachyeardia with rates as ugh as 150 heats [XZ'
minute The pre-ancthetic use of marphme results: 1
slower rates, but hampers the production of the asthathonla,

AURIGU

. ' . L] L] I
T T T TIEN

s F‘ P: P‘ PI F-

RATE =150/ MIN,

Figure 45 Lead AVF
{A) Normafew -t 10
{B} Auncula

ton (stroking) ¢

RATE =166/ MmN,

* mechaneal 1myta.
compleves ethybit
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C. Auncle i complete systole. Note that the contraction 1s symmetncal — both sides contract at the same time

Figure 46 Auncular paroxysmal tachycardia was pro- The contraction wave spreads concentneally m all direc-
duced by applcation of aconitine at the center of nght aun-  tions and progressively mvolves the nght auncle, 1t reaches
cle (A) Diastole of nght suncle (B) Auncular systole the cephzhe and candal ends at approumately the same
starts as a dimphng at the site of the ectopre focus (C) time



B The contractian wave has now spread half way across the auncle shummg the blood from the caudal into the cephalic

d The cepl

halic end 15 now ballooned outwards

C  Systole has reached the appendix which 15 now completely contracted, the caudal end 1s 1 diastole. It is distended

Figure 47, Auncular paroxysmal tachycardia was pro-
duced by application of acomtize at the caudal end nf the
auncle The Iachycarth.’x contrachion wave spreads from the

1e_auncle
{mn Brcause
the Blood 15
pusd

w ouw eppeuat which 1 sbll s duostole {B)

\Vhen the appendix contracts, the caudal end 1s in diastole
and blood 15 pushed back mto the caudal end {C} Be-

canse of this pooling and shuttling of bload frar <= ==
i
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B The contraction wave has started at point X and has now traveled half way across the auncle. Note that the caudal
end of the aurncle 1s still in diastole and that the blood from the appendix has been largely forced into the caudal end.

C. Systole has now reached the caudal end of the auncle which 15 contracted, foreing blood back mto the appendix

Figure 48. Auncular parovysmal tachycardia was pro- lar appendn. Simmlar poolng and shutthng of blood as

ati a t the aurtcu-  scen i Figure 47, In this mstance, the contraction wase
duced by application of acomtine at the tip of al 0 T e el nd of the awrcle
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MATQGRAPHIC APPEARANCE
o OF THE TACHYCARDIA
CONTRACTION WAVE

The tachycardia beat begins as 2 wrink-
Img in the avricular wall in and around
the ectopic focus (Figure 48). The wave oi
contraction spreads out from the focus in
all  disecti i ly, lops the
entire auricle wnd, with 2 puckering move-
ment, draws the chamber down toward the
origmal focns in completion of systote. Dias-
tole, which follows immediately, Yhewise be-
gins at the ectopic focus and pursues a course
identical with that of systole. The ci b

(SMAL TACHYCARDIA 39

tine is apphied 1o the right auricular appcr'xdix
(Figure 48), the contraction wave travels in
direction dizmetrical to that of the wave irox:n
2 focus established at the condal end of the auri-

_le. The appendix contracts first, the wave then

spreads through the body, terminating near .thc
inferior vena cava. Diastole follows a similar
course.

In summary, the contraction wave of auri-
cular paroxysmal tachycardia has been observed
in all its details. After arising from an ectopic
focus, regardless of Jocation, the wave travels in
alt available directions simultancously and not

graphic oppeavance of auricular paroxysmal
tachycardia from @ gwen site is identical
whether produced by aconitine or by eleetrical
stmulation, (No films were made of the mech-
anecally produced tachycardia.)

In this study, three mam sites were chosen
for the production of ectopic foci: (1) the
center of the nght auncle; (2} the caudal end
of the nght auncle, and (3) the right auticular
appendix

(1) Center of Right Auricle: When aconitine
is applied o the center of the right auricle, a
dimphing appears at the site of the ectopic
focus; mstantly a wrinkling of the adjacent
tissue oceurs, spreads in all arailable dircctions,
and progressively engulfs the entire auricle
(Figure 46} Thus the asuncular contraction
wave leaves the ectopic focus, spreads concen-
tneally in alt dicections, and reaches the ceph-
alie and candal extremmitics of the auncle at
approumately the same time. Diastolic relas-
ation bkewse begms at the ectopic focns and
follows the same course as the systolic con-
traction

(2} Caudal End of Right Auricle: When
acomhiwe 15 applied to the caudal end of the
auncle {Figre 47), the tachycardia contrac-
ton wave from that foous spreads concentrip.
ally through the body of the awnele and fnally
envelops the appendix. As i the precedin)g
evpetiment, diastole starts in the site of ongin
and follaws the same course as systole.

(3} Right Auricular Appendix; when aconi-

inan ional circus path, In this respeet
the tachycardia contraction wave is similar to
the waves observed in normal sinus rhythm
{Chapter T} and auricular premature systole
{Chapter 11},

The tachycardia contraction wave differs
from the normal wave in three respects: jt {1)
starts from an abnormal site of origin; ® (2)
repeats itself more frequently (higher minute
rate); and (8} spreads through the auricular
musculature more slowly. The tachycardia wave
differs from the wave of auricular premature
systole n only two respects: it exhibits {1) a
lugher minute rate and thereby becomes the

pacemaker of the heatt, and (2} a slower propa-
gation rate.

L

Electrocarciograms were recorded in alf in-
stances of experimentally praduced tachyear-
dia; these included conventional limb leads
and direct leads from the surface of the anricle,
The tracings were essentially the same in pat-
termn regardless of the method (aconitine, elec-

tue or mechanical) emplayed in the production

of the anhythmia, and were simitar fo electro-

> Ths Statement 15 sl
tect 10 ane exveption. As point

m;z ocr:‘ bage 62, muncular pasovysmal tac hycarcha ,c:ml?:

ehctted by placing acontting a tho » o o - "

pulse mane et

the

Wae -

fow asratces of surioulic pu»uLt\d\.ll)l\S were made i a

and 31 and awncnlar nu“"";??;g ;és;)nlcs (Figures 25
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'NORMAL SINUS RHYTHM

FIRST FOGUS FROZEN — SEGOND FOCUS
PRODUGED AT GAUDAL END_OF AURIGLE

Figure 49. Auticular parovysmal tachycardia pro-
duced by application of aconitine to two separate
foci on the nght auncle of the same anmal,

The top photograph demonstrates the site of
wnpulse formation dunag nommal sinus rhythm
The adjacent electrocardiogram 1s a control trace
mg of normal sinus rhythm

In Figute A, auncular paroxysmal tachycardia
was produced by appheation of aconttine ventral
to the head of the smo-auricular node, nearer the

cephabic end of the auncle (). In the adjacent
electrocardiogram the P’ wave 1s apnght and
general 1s of much the same shape as the control
B wave 1n normal smas rhythm

In Figure B, the focus on the cephalic end
of the auncle was frozen with ethyl chlonde spray
and acomitine was appled to the cavdal end of the
auricle (°). In the adjacent electrocardiogram the
P’ wane 1s shown ta be deeply imerted

All electrocardiograts are from Jead 3
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SINUS TAGHYGARDIA AUFIiIA‘(L;TACP'iY.
A

AURRATEZ HS7MINT ~ o

PAROX. AAURIC._. TACHYGARD\A e
8 .,.J.-.:J nﬁpﬁ i}:;ﬂiﬂ_;a

RATE=200

"1 (sEcoNpsl 2 3
anuxe 50 Lead 2 {Dog’s heart),

c onset of aul’lc‘u‘al tachycardia produced by application of acomtine near the tail of
the sino-auncular ne
(A} A

t the 4th beat {arrow }, the rate mcreases abruptly and the tachycardia begras,
P’ wave 15 almost identical to nommal P wate,
{

} Continuation of A. The auncular rate 15 ncreased to 200 per minute The P
wate retains essentislly the same shape but with the increase m rate the PR intenal becomes
prolonged

NORMAL

AURIGULAR
SINUS RHYTH M
[

TAOHYCARDIA

MR REAL

\AUR RATE 150/ MIN, |7
T AT Py T T T +
=T
i SECONDS 2 3’ T
Figute 53, Leads 1 and §, renedad = n :

The onset of auncular ta
Auncular tachycardia starts

“ant v DUt TIOL In Jead 1, ~ s velleu
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cardiograms of clinical auricular tachyeardia.
In 10 animals cathode-ray oscillograms were
also made.

CoxFIGURATION OF THE P’ Wave
Ny Lisvn Leaps

In several experiments tachycardia was ini-
tiated (by the aconitine method) from two
separate foci in the following manner. The first
focus was created on the right auricular appen-
dix. After the arrhythmia was produced the
focus was frozen with an cthyl chloride spray;

normal sinus rhythm supervened. A new focus
was then produced at the caudal end of the
same auricle and the anhythmia re-initiated
while the first focus was kept in a frozen state.
The P’ waves in the tachycardia from the first
site were generally upright, those from the sec-
ond site were inverted (Figure 49).

Thus, as in auricular premature systole, when
the ectopic focus is near the site of origin of
the normal impulse, the P wave in limb leads
may appear identical with the normal P waves
(Figure 50). In such instances the onset of

DIRECT |
AURIC.
LEAD

LI,

I seconps 2

Figure 52 Electrocardiograms of auncular tachy-
cardia {produced 1 a dog by the local application
of acontttne} at normal (A} and mcreased {(B)
speeds X
» (A) Paper speed of 25 mm. per second P’
ware 15 buned in the precedng T ware and can-
not be recogmzed

! SECONDS 2

{B) Paper speed of 50 mm per second P’
wave 1 recogmzed as sn aregulanty m the ;r
wave m leads 2 and 8 Thisss contfirnted by stmul-
taneously recorded direct mmcnhr’leads (bom;m
strips), the exact Jocation of the P \\.ueds onﬁt :le
T waves 1n leads 2 and 338 thus clearly » (-‘nn e

The Q-T wtcnal s falsely peolonged



AURICULAR PAROXYSN A Y
A 1AL TACH CARDIA

“ELEGTRODE
pisTANT ¢
FROM FOCUS

STECTRODE TG i 2L ]
Bros T e A

CLOSE TO
FOCUS

Figure 53
tachycardi

Demonstration of the spread of
Awneular patoxysmal tachyeards
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the evatation wave in sunculyr parovsmal
a was produced by the ocal appheation of

Twao direct electrodes (A and B) were placed on
sus, and (A) distant from the focus The ntrinsic

e deBection of A 15 more
excitation wase travels i a ca

parently 003 second before that of A. The posi-
uongnt wan that of B These findmgs demonstrate that the
ndocepbalic direction (from B to A). Electrocardiograms from

A and B were recorded simultaneously

tachycardaa is recognized solely by the sudden
inerease m rate Tachycardia produced else-
where 1 the auricle exhibits graded variations
in the shape of the P’ waves When the ectopic
focus 15 Jocated at the extreme caudal end of
the auncle the P waves usually are deeply
inverted in leads 2 and 3, in marked distinction
to the normal P waves which are generally up-
nght in these leads (Figure 51). When the
ectopic focus is at the cephalic end of the
auncle, the P’ waves are usually upnght in
leads 2 and 3.

Clinical Correlation: As in auricular prema-
ture systole, the P' waves of cimical auncular
paroxysmal tachycardia exhubit variations simi-

lat to those described in the experimental ar-
rthythma, As shown in Chapter IX, naturally
accurring changes in the human are also the
result of variations in the location of the ec-
topie focus. Unfortunately, 1n most tracings of
chnjcal tachycardia recorded Dy the conven-
tional electrocardiograph, the shape of the P’
wave cannot be determined in the standard
leads 1, 2 and 3 because the waves are super-
imposed on and distorted by the ventricular
complexes. The use of faster paper speeds and
of special auricular leads makes possible a
clearer definition of the ¥ wave in a larger
number of instances of clinical auricular par-
ovysmal tachyeardia {Figure 52).
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CoNrFIGURATION OF P WAVE 1N
Diseer Auricurar Leaps

The configuration of the P’ wave in direct
auricular Jeads depends upon the distance of
the electrode from the ectopic focus. Tracings
from an electrode placed near the focus register
primarily 2 negative deflection. As the elec-
trode is moved and the distance between the
ectopie focus and the clectrode increases, the
deflection becomes progressively more posi-
tive and the negative component eventually
disappears (Figure 53). Furthermore, the time
of onset of the auricular intrinsic deflection ap-
pears almost immediately after the start of the
wave in leads placed near the focus; the onset
is progressively later as the electrode is moved
away from the focus (Figure 53). Thus, both
the configuration of the I wave and the time
of onset of the intrinsic deflection in auricular
tachycardia are directly related to the distance
of the clectrade from the ectopic focus. This
general rule is of fundamental importance and
is mentioned on several occasions in this mono-
graph.

The electrocardiographic observations de-
scribed above establish that the configurations
of the P’ waves of auricular paroxysmal tachy-
cardia in both indirect and direct leads are
similar to those of auricular premature systole
(Figures 29, 30, 43 and 44); in both arrhyth-
mias the shape of the P’ wave varies with the
location of the ectopic focus. The course of the
excitation wave of auricular parosysmal tachy-
cardia as demonstrated by direct auricolar
leads is identical with the course of the excita-
tion wave of auricular premature systole arising
at the same ectopic focus. Chnical appheations
of these findings are considered m Chapter IV.

EFFICIENCY OF TACHYCARDIA
CONTRACTION WAVE

Cinematographs clearly show a sigmficant
reduction 1 the functional efficiency of the
auricle during auricular tachycardia. Several
conditions contribute to this result. As dis-
cussed in Chapter II, auricular premature
systole is less efficient than the normal beat be-

cause of (1) ectopic sife of origin; (2) the
degree of prematurity; and (8) weak or abor-
tive contractions. In addition to these three
factors, in tachycardia two other conditions pre-
vail which adversely. affect the efficiency of
the beat: (1) superimposition of the auricular
and ventricular beats; and (2) slower propaga-
tion speed of the contraction wave, )

In many instances of auricular paroxys-
mal tachycardia the awvicle contracts during
ventricular systole, a phenomenon known as
superimposition.  An auricular contraction oc-
curring during ventricular systole is function-
ally almost completely ineffective; the auricles
attempt to force blood through the closed
auriculo-ventricular valves which are held shut
by pressures greater than the auricles can
exert, so that auricular energy is expended
without propelling blood into the veatricles.
The cause of this phenomenon is the prolonga-
tion of the interval between auricular and ven-
tricular contractions in a given cardiac eycle,
as a result of which the auricular contraction
falls just before, during, or immediately after
the ventricular systole of the preceding cardiac
cycle. Electrical evidence of superimposition of
auricular and ventricular contractions is best
seen in the oscillogram (Figures 54 and 55).

Clinical Correlation: The fact that the sys-
tole of auricular paroxysmal tachycardia is
much less efficient than normal systole may
have climcal significance. Under conditions of
circulatory stress the normally functioning aur)-
cles may p}ay an important part in mamntaining
the integrity of the circulation {Chapter I).
This function 1s especially valuable during an
emergency such as acute left ventricular failure
when adequate auricular activity may support
the circulation long enough to enable the ven-
tricles to recover. Since prolonged tachycardia
is apt to impose a serous burden on the heart,
the coincident reduction of auricular efficiency
may well aggravate the general myoca{dml fail-
ure occasionally seen in such arthythmias. Post-
tachycardia electrocardiographic abnormalities

convincingly demonstrate the deleterious effect

of this disturbance.
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048] SECOND 0.8

Figure 51 Cathode-ray escillograms from a direct auncn-
lat fead 1n a dog wath anmenlar parovvsmal tachy cardia. The

.Q mitersal 15 greatly prolonged so that 1n standard leads
with ordinaty cquipment the record sumulates nodal tachy-
cardia The QRS wmtiated by an impulse from cach of these
P’ waves would be the nedt sucoceding one (not shawn),
In A the P' wave occurs qust hefore 2 QRS wave In B
the P wate and QRS occur simultancously and € the
P wave accurs qust after 1 QRS Such fine detal 15 neyer

seen With ordinary  electrocardiograptue cquipment
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OTHER TYPES op AURKH
PAROXYSMAL TACHYC.EAJE{‘AR

Nadal Tachycardia: By use of the cathode-
ray oseillograph, the P mterval can he mep.
wred with greater aceuracy than with ordinary
mechameal equpment We have found that t}:?:
PR mterval 15 pften prolonged and may var:
directly with the tapidity of the tachycardiz
(Figare 56) Thys ebservation accounts for t,
frequency wythy which the pr wave is huried 1e
eceding ventnicular complex. It alsn
FAISES certan guestions concerning the elech:

cardiographic diagnosis of nodal tachycardia.

According to the prevailing concept of nodal
tachycardia, the impulse may start high, in the
mid-portion, or law in the auriculo-ventricular
node. ¥f the impulse starts high, the P’ wave
mmediately precedes the QRS; if in the mid-
portion, P" and QRS occur simultancously; if
low, the " wave follows the ORS. Since in the
oseillogram the PR interval of aurienlar tachy-
cardia often approximates or even exceeds the
length of the Q-Q interval, the P’ wave may
oceur just before, during or after the preced-
ing ventricular complex. Thus, by use of the
oseillograph it is shown that tracings of auricu-
lar tachycardia may echubit the exact electro-
cardiographic patterns generally asenbed to
cach of three types of nodal tachyeasdha (Fig-
ures 34, 55 and 56). These points are given
further consideration in Chapter 1V,

These statements are not intended to infer
that nodal tachyeardia is non-existent, It s
merely pointed out that the clectrocardio-
graphic configuration usually regarded as repre-
senting nodal tachycardia may ako Be pro-
duced by aurcular tachyeardia, Although true

HNORMAL SINUS RHYTHM

RATE« 133/ miN
° P

w0eubr Jead cathode.,

L1 rormal s ey 1o o oo ograms
scontpe® (18 2 408 The gachyeq oy 00 Drodured b
inters ;‘“eim Z“l:: Pllrnxysmal tathy cardry

ately after the prccrdmngﬂznﬁ :bh:: i;, o bears Immedi-
I 1he shape of the B oy @ has been
50 %00m after the QRg H
nodaf tachyeardia, The

ta that iy mgmal s Q wave 15 of fdentical yp
e Q P atance
5 Clealy itk ordny g Getal cam s

trocardiographye equipment,
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Figure 57. Auncular parosysmal tachyeardia m a o - :‘ SUEY st S """‘“‘N
duced by local apphcation of aconttme. Rate (_".g'%) p;r S ey et ‘%‘ ¥ :
minute. - + 3 B¢ :
Aunculo-ventncular conduction m the dog is a Inghly et - == = =

efficient mechanism; as a result there 1s a sentncular re-
sponse to cach auncular beat even at this etremely rapd
rate.

’ RATE =375/MIN]

Figure 58 Auncular paroxysmal tachycardia i an wnfant

Ratc 873 per ssoute  Asan the dog, the aunculo-sentricular

conduction system m infants 1s highly effiient This tracmng

is smlar to that of Figure 57 The auricular deflections

cannot be sdentified (Courtesy J I Siherman and Q. M

Race, and C. V. Moshy Co, publisher From Am f [,
37 1139, 1840 )

Figure 59. Aurncular parovysmal tachycardia in an infant

at a rate of 300 beats per minute. EKG enlarged two times.

Note that m the auncular parovysmal tachycardia the P’

waves accur shortly after the QRS This mught be called

nodal or auncular parovsmal tachycardia. The record on

the 3rd day shows the retum to sinus rhythm  {Coustesy of
Lewss T, Bullock, MD.)

nodal tachycardia may well occur, it appears
that if all parts of auricular tissue and the ausi-
culo-ventricular node possess equal potential
to become cctoprc foci, on the basis of the rela-
tive area, the passibibty for the arrhythma to
arise i the auriculo-ventricular node s shght.
This much must be conceded. In the present
stage of our knowledge it is not possible to
differentiate nodal from auricular tachycarda
with any degree of certamty and it is highly
probable that many or most arrhythmeas diag-
nosed as nodal tachycardia are m fact auricular
tachycardia.

Tachycardia in Infants: In dogs we fre-
quently observe wstances of rapid tachycardia

(800 or more beats per munute) with a ventri-
to each auricular contraction

cular response
Iar block) (Fig-

(i e., without auriculo-ventricu
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ure 57). For such an event to oceur two c~ondi-
tions are necessary: (1) a sound auncul:lr
rusculature which can contract at this rapid
rate without developing fibrillation; and (2} an
efficient auriculo- entricular node, able to con-

3-23-48

12-18-45

duct a large number of auricular impulses per
minute to the ventricles withont developing
auriculo-ventnicular block.

A clinjcal ion of this ingly

favorable combination of conditions is the oc-
cwirence of rapid rate tachycardia i infants
(Figures 58, 59, 60). Clini

tion of a physiologically “competent™ auricular
musculature and a highly efficient auriculo-
ventricular node is undesirable. Failure to de-
velop fibnltation and auriculo-ventricular block
{which would reduce the ventricular rate by
one-half or more) results in strain on the heart
frequently sufficient to cause fatal congestive
heart failure It is probable that a number of

i1ST pay RD pay
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Figure 60 Tachyeardia 1o an mfant

EKG enlarged. tu.g
Because of the markedly
rrhythous may be ventrcy.

bes  Rate 280 per minute
aberrant QRS compleves this w
L tachycardia or a sudrave
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Figure 81  Avuncular tachycardia in an infant at 2 rate
of 300 beats per minute. EKG enlarged two times Twenty-
seven months later the electrocardiogram reveals that the
panent has the Wolff-Parbinson-White syndrome On
32348, the P-R mterval is 009 sccond and the QRS is

011 second  (Courtesy of Lewts T. Bulloch, \LD)

1ST DAY

i ooy

2ND pay

sums LNERE be made
Bl has retumed to normal  {
Bullack, M D

On 1t »é:(.luga.nkmson-\vh.te syn-

Y the electrocardio.
glmmesy of Lewis T,
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Figure 63. Auricular parovysmal tachycardia n a patient with complete heart block following
a coronary artery occlusion  Auricular ectopic thythm at a rate of 155 per mnute, ventneular
rate is 24 per minute.
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Figure 64. Electrocardiogram of a 56 year old male

with arteriosclerotic heart disease. The electrocardiogram

demonstrates auncular tachycarha with a partial AV

block (regular 2:1). The P’ waves occur at a rate of 166
per munute, the ventncular rate is 83 per minute,

infants die of this disorder with the diagnosis
unsuspected. The diagnosts in infants is often
difficult because (1) their normal heart rate
is relatively fast, (2) auscultation is often un-
satisfactory, (8) electrocardiograms are taken
infrequently, and (4) subjective complaints are
not communicable Perhaps an awareness that
tachyecardia may be the cause of otherwise un-
explained severe congestive failure 1n infants
will aid in more frequent recogmtion of this
disturbance.

The mechamsm of tachycardia in infants is

‘ PlI -PI I Pl Pl

o P

3.0 P

IP‘IP

probably a congenital auricular ectopic pace-
maker of inherited or inflammatory (in utero?)
origin.

Tachycardia Associated with Wolff-Parkin-
son-White Syndrome: Auricular paroxysmal
tachycardia is frequently associated with the
Wolff-Parkinson-White electrocardiographic
pattern characterized by a short P-R interval
and distorted ventricular complexes (Fig-
ures 61 and 62). The ventricular complexes
may retain the Wolll-Parkinson-White paftern
throughout the attack of tachycardia or may
become normal for the duration of the par-
oxysm. Tachycardia of the VWolff-Parkinson-
White syndrome is often difficult to control and
may even terminate fatally. At least some of
the tachycardias 1n infants belong to this group.
A full discussions of the Wolff-Parkinson-\White
syndrome 15 given in Chapter XV

Tachycardia with Heart Block: Auricular
parosysmal tachycardia may be associated with

h e ey e

PR PP
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g A-V block Electracardiogram of a

Figure 65 Auncular paroxysmal tachycardsa with varymn
75 year old male with arteriosclerotic heart disease. Elect
and varying A-V block with auricular parovysmal tachy carda.

rocardiogram demonstrates a pasttal

a at a vate of 150 per nunute.



TA
AURICULAR PAROXYSMAL TACHYCARD

NORMAL Si

RHYTHM

A
NUS

Figure 60 Demonstration of ventncular aber-
ration occurning in auncular paroxysmal tachy-
cardia  Elettrocardiograms of a 45 year old
male with auncular tachycardia, rate 168 per
mimute  Note that dunng auncular tachy-

aunculo-ventncular block,”®* 4% complete or
partial, the latter may be regular or irregular
(Figures 63, 64 and 63).

Those mstances associated with partial heart
block are important because of the position they

occupy between ordmary tachycardia and
flutter,

VENTRICULAR ABERRATION
DURING AURICULAR PAROXYSMAL
TACHYCARDIA

Ventricular aberration oceurs occasionally in
all the auncular arthythmias, less often in
tachycardia than in the others The subject is of

69
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cardia {B), the shape of the QRS in leads 2

and CF. are different from those m normal

sipus thythm {A). Thus type of ventneular

aberratien 1s very rare in auncular parovysmal
tachycardia

more than theoretic interest and is discussed in
detml i Chapter XV.

Two types of ventricular aberration are re-
fected in the electrocardiogram during auricu-
lar paroxysmal tachycardia,

(1) Ventricular aberration may begin with

.thc onset of the tachycardia and disappear with

its termination *** This type of aberration has
not reccived sufficient emphasis. Tts mechan-
sm appears similar to that of the ventricular
aberration accompanying awricular premature
systole (Chapter I1). It is not related to myo-
cardial fatigue for it disappears mmmediately
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in a child. During the parovysm there was a marked change in the confguration of the
QRS due to aberration.

after the tachycardia reverts to normal rhythm
(Figures 66 and 67). Such aberration is more
common in auricular premature systoles and
auricular flutter than in auricular paroxysmal
tachycardia (Chapter XV). The ventricular
aberration found in the Wolff-Parkinson-White
syndrome may be of this type.

(2) In protracted rapid tachycardia gradual
widening of the QRS complexes, with or with-
out RS-T wave changes frequently occurs.® '
222,87 The most common changes are depres-
sion of the RS-T segment with flattened or in-
verted T waves in the standard limb leads and
usually in leads AVL and AVF. The RS-T seg-
ment and T wave may be elevated in lead AVR.
These changes may persist for some time after
the arrhythmia bas been termuated (post-
tachycardia electrocardiographic ~ syndrome).
This type of ventricular aberration occurs most
frequently 1 diseased hearts and is believed to
be due to myocardial fatigue (Figure 42).

DISCUSSION

Both cinematographically and electrocardio-
graphically, the tachycardia wave is identical
with the wave of the premature systole These
observations, together with the fact that both
arthythmias can be produced by the same

methods, demonstrate the existence of a definite
relationship between the two disturbances, This
is consistent with the common clinical experi-
ence that auricular premature systoles tend to
precede or follow paroxysms of auricular tachy-
cardia. Frequently, parosysms are of such short
duration that they are overlooked by both pa-
tient and physician, but are fortuitously re-
vealed in the electrocardiogram. Such short
paroxysms usually are of relatively slow rates,
only slightly faster than normal sinus shythm,
Not uncommonly, a single tracing will exhibit
scattered premature beats in one part and
“runs” of tachycardia in another. Similar evi-
dence led Lewis to regard auricular tachycardia
as a “run” of premature systoles; our observa-
tions confirm this conclusion.

Clinically, it has long been known that both
the onset and termination of auricular paroxys-
mal tachycardia are sudden. Our experimental
observations suggest the following explanation
for the abruptness of these changes It has been

. shown that experimental auricular premature

systole and auricular paroxysmal tachycardia
have essentially the same mechanism and that
1 any given instance the emergence of either
arrhythmia depends upon the relative rates of
discharge from the normnal and ectopic pace-
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makers. By analogy, in a representative clinical
case, when the smus rate is approximately 80
beats pet minute and an ectopic focus which
discharges at a rate of 50 stimult per minute
develops, the great majonty of impulses from
the ectapic focus will be ineffective becavse of
the refractory state of the ausienlar musculature.
Only occasional, scattered, premature systoles
will result, When the rate of discharge from the
ectopic focus nses suddenly to a level greater
than that from the simo-auricular node, the ec-
topic focus abruptly usurps the pacemaking
function and the arrhythmia becomes dominant.
The notmal sinus impulses are rendered ineffec-
tive by the refractory periods due to the thythm
from the ectopic focus, and avricular tachyear-
dia prevails, When the rate of discharge of
the ectopic focus falls below that of the sinus
node, the termi: of the arrhytt oceuts

at 3 slow Tate of B0 Teats pec minute. The P’ wases of

the tachycardra are of sughtly diffevent shape than the P

waves of the normal sinus thythm preceding the parovysm.

suggesting that the suncular tachycardia amse from an
sctopte focus close to the sinus node.

arthythmia to another oceurred either spon-
tancously or after the aconitine focus was
cooled. Undoubtedly, in the aconitine experi-
ments slso, the underlying factors were sudden
vatiations in rate of stimalation accurring cither
spontancously ar as the result of the tempera-
ture changes. From these observations it is
clear the auricular paroxysmal tachycardia car
accur at rates only slightly more rapid than
normal sinus thythm, This has heen seported
previously,** and we have seen short bursts of
tachyeardia, in 2 patient with rates as Jow as 90
beats ger minute (Figure 68). In these in-
stances the tachyrardia is of short duration,
Tasting only a few beats, and is usually detect-
able only by the electrocardiogram. The faster
the tate, the longer is the duration of the par-
oxysm and the more unfavarable the prognosis.

abruptly. The above sequence of events was
repeatedly reproduced jn animal experiments
by means of electrcal stimulation in which the
rate of discharged stirauls could he Mled 2t

An .nnder_ ding of the basic mechanism ex-
phains this phenomenon. In some institutions,

fachycardia is dingnosed only if the rate exceeds
1 dg}‘mim tinut, such as 150 beats per minute.
s

will (Figure 20) Similar observations were
made during the course of acontine-produced
arrhythmias w dogs, abrapt changes from one

tated here, such rules are obvionsly
false. 1t is now possible to define auricular
paroxysmal tachycardia as an arthythmia ac-
companied usually by a 1;1 ventricular response



72

THE AURICULAR ARRHYTHMIAS

and arising from an ectopic focus which is dis-
charging at a regular rate greater than the
sinus rate.

SUMMARY AND CONCLUSION

Auricular paroxysmal tachycardia has been
produced in dogs by three methods: (1) appli-
cation of aconitine; (2) electrical stimulation;
and (8) mechanical stimulation; it has been
studied by means of the high-speed motion pic-
ture camera, the electrocardiograph and the
cathode-ray oscillograph. Whether produced by
aconitine or by electrical stimulation, the ar-
rhythmias are visually and electrocardiograph-
ically identical. The wave statts from an ectopic
focus which can be experimentally produced at
will on any part of the auricle. From the cc-
topic focus the wave spreads in all available
directions simultancously until the entire auri-
cle is involeed. As demonstrated in electrocar-
diograms fiom direct auricular leads, the elec-
trical wave is similar in origin and course to
the mechanical wave arising at the same focus.
The general character and appearance of both
the contraction wave and the excitation wave
vary with the site of origin. Since the wave
travels in all available directions, when it ori-
ginates at one end of the auricle it sweeps
toward the opposite end, when the site of origin
is in the center of the auricle the wave moves in
all directions toward the periphery. Thus, the
wave of auricular paroxysmal tachycardia does
not pursue a unidirectional path, and therefore
cannot be the result of a circus movement.

The tachycardia contraction wave and the
norral sinus wave are similar in that both

spread in all available directions simultane-
ously; they differ in that the tachycardia wave
arises in an ectopic focus, repeats itself more
frequently, and has a slower rate of propaga-
tion. To the extent that the tachycardia wave
differs from the normal in these respects, its
efficiency is impaired. This impaired efficiency
may play a significant role in aggravating the
general myocardial failure which occasionally
oceurs in prolonged chnical tachyecardia.

“The contraction wave of tachycardia bears a
closer resemblance to that of auricular prema-
ture systole than to that of normal sinus rhythm%
in that the waves of both tachycardia and pre-
mature systole arise from an ectopic focus; thei
waves of the two arrhythmias differ in that
in tachycardia (1) the rate of discharge is more |
rapid and the ectopic focus becomes the pace-
maker of the heart; and (2) the speed of propa-
gation is slower. The transition from premature
systoles to tachycardia is directly related to the
rate at which the impulses are discharged from
the ectopic focus. The former disturbance oc-*
curs when the rate of the abnormal rhythm is
less than that of the sinus rhythm, the latter
when the rate of the arrhythmia exceeds that
of the sinus thythm. Changes in these rates may
account for the abruptness which characterizes
the onset and termination of climeal auricular
tachycardia.

By means of the cathode-ray oscdlograph
it was found that auricular tachycardia with
prolonged P-R interval can simulate nodal
tachycardia. Many instances regarded as nodal
tachycardia may m fact be auncular tachy-
cardia.



CHAPTER IV

Experimemal Production of Aurcnlar Premature Systoles and

Auricalar

™ Te exeernvenTAL production of a deranged
function in ammals greatly faciitates under-
dng of the corresponding disturbance in

man However, a shadow of doubt always re-
smains concermng the comparability of a dus-
turbance produced m_ the anmal with that
found m man. When the disorder can be pro-
duced in an mnocuous fashion in human sub-
tects, and 1f 1t s 1dentical with the spontaneously
oceumnny, disturbance, the significance of the
experimente? fndies o s C o
human dis
ately, few
cular diseases or disturbances can be studied
m man because of the deleterious effects on
the subject.

A thorough study of expenimentally produced
arrhythmias m man has never been done Auri-

.

twie cumtains no reports of experimental auricu-
lar parotysmal tachycardia i man

In the present study, auncular premature
systole and auncular parovysmal tachycardia
were produced by mechanical stimulation of
the auncles of 18 patients undergoing operation
on the heart or langs The pencardiom was
apened s 13 instances The remaming five pa-
tients had tuberculosis, here, the pencardium
was 1ot opened because of danger of extension
of the infection In these five patients the
various parts of the aunicles could be ident:fied
readily and the arthythmias produnced withont
diffieuity through the semi-transparent pavietal
pernicardium  In 2} 18 patients the auricles

(731

Paroxysinal Tachycardia in Man

were stimulated at three places—the appendis,
the center of the body, and the candal end - by
gentle irritation with the tip of a blunt f(?rct‘PS
o by manual pinching. The entire experiment
generally lasted no longer than two to five
minutes. Tn every instance the auricles re-
sponded readily to this innocuous procedure
and the two arrhythmias were produced from
the selected sites at will.

Simultancous leads 1, 2, 3 and AVF were
recorded during all experiments and esophageal
lead elechrocardiograms were taken in {0 in-
stances. In addition, high-speed cinemato-
graphs of the exposed auricles were recorded in
two patients with expenmentally produced an-
ricular premature systole, In all 18 patients
the results were essentially similar, with only
minor variations.

As described in Chapter 11, the high-speed

i of experi My produced au-
ricular premature systole m man, like those in
the dog, shawed that the contraction wave arose
at the site of stimulation and traveled outward
in all available dwections (Figures 21, 22, 24,
and 33}. The tesults of our electrocardiographic
study of experimental auricular premature sys-
tole and auncular paroxysmal tachyeardia in
man are discnssed in the present ehapter,

THE LIMB TFAD ©rorgno-.

OF vacr-

NIPEERANNNY
The premature systole is the simplest auricu-

lar arthythria, knowledge of ity mechanism
provides the found for an understandi

8



74 THE AURICULAR ARRHYTHMIAS

. |
.TIME IN SEGONDS

ECTOP!
FOgcUs

*x

S-A NOD \/_\_/\

1

di

the nght

Figure 69. Premature systole i man

d by I
The 3rd beat (X) 1s a premature systole. The P* wave is of almost identical configuration to

the normal P wave. The P'-R mtenal is prolonged.

of the more complicated and serious arrhyth-
mias. Consequently, it is of prime clinical -
portance to determme the location of the ec-
topic foci of spontaneous auricular premature
systales by correlating the configuration of their
P’ wave with the P’ waves of expermmentally
produced arrhythmias with known sites of the

_ ectopic focus.

- In the study of ventricular premature beats,
the direct application to man of the results of
experiments in the dog led to erroneous nter-
pretation of electrocardiograms  for many
years.3? ' In order to avoid a similar error with
respect to the auricles, and since the anricular

arthythmias are more common than the ven-
tiicular arrhythmias, we deemed it essential to
examine thoroughly and clarify the mechanism
of the disturbance in man. This study was ae-
complished without difficulty in the manner
previously described.

OBservaTION 1: CONFIGURATION OF THE

P’ \WWave ¥ Livs Leaps
Premature Systoles from the Appendix of the
Right Auricle: Premature systoles produced in
thas region exhibited upright P’ waves in leads
1, 2, 8 and AVF (Figure 69). The configuration
of these waves resembles that recorded during
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right P’ waves in leads 1, 2, 3 and A.\'F (Fit?"
ure 70). The configuration of the P wave is
simlar to that of the normal P wave and the P
waves of premature systoles produced in l'hc
right anricular appendix (Figure 69). The PR
interval is generally prolonged.

Focus on the Mid-Portion of the Right Auri-
cle: The center of the right auricle was next
stimulated. This area was generally 1 or 2 centi-
meters ventral to the sinus node. In most eases
the p systoles from this point were
Isoelectric in all leads and P' waves could not
be rdentified with certainty, If deflections were
produced at all, they were barely perceptible
positive or negative waves. In these instances,
since the P’ wave cannot be identified, the PR
interval cannot be measured {Figure 71),

Focus on the Mid-Portion of the Left Auricle:
Premature systoles from the mid-portion of the

2 3 left auricle are similar to those from the analo-
SECONDS gous part of the right auricle, ie, the P wave

P [ - - -
AVF ""iw—'\)—'\-——‘—-&.-'ﬁp
T
! SEC gN Dbs 3
Figure 70 p, & !
5 T b of e it e 50 B 1

y stimulst. '
2ppendit The dth beay X)) s a
Prematuye s)svm‘e The P' wave 15 simular to the normal p
wase The P wave 15 Jegs upnght than the normal ones
shown

normal simus rhythm The P’ «

waves of the pre.
nl\:mmr beat are distingushable beeause of 1?1)
their prematunty, ang (2) slight vayi
-y 3 variat
contour As a rule, the P . e lomer

-R intervals are longer ure 7 emature systoles iy py roduced by st
g & 1 Pr 3. IS
than those of the normal sipys beats UIE the body of the nzbt aunicle The ith and 5t be,
t Iating the bod, t L f

Hhatle from the
OF an auncular defieep s
Frematunty of the Y entniey); !
Pl 13 wmpossible o the PR ntersa ™
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Figure 72 Premature systole m man produced by stimu-

lating the center of the body of the left auncle The 5th

and 6th beats (X) are premature systotes. The I wave

cannot be identified with certainty, Ventricular aberration
15 present

is isoelectric or almost so in the hmb leads. The
P’ waves cannot be clearly scen and as a 1esult
the PR mterval cannot be measured (Figure
72)

Focus on the Caudal Portion of the Right
Auricle: Stimulation of the caudal portion of
the right auricle consistently produced inverted
P waves in leads 2, 3 and AVF (Figures 73,
74 and 75); the waves in lead 1 usually were
isoelectric. The deflection was generally in a di-
rection oppostte that of the waves of normal
sinus rhythm. The PR mtervals here as a rule
were shorter than those of sinus beats, often as
short as 0.08 second (Figures 74 and 75).

Focus on the Caudal Portion of the Left Au-
ricle: Premature systoles produced by stimula-

tion of the caudal portion of the left auricle
exhibited inverted P’ waves in leads 2, 8 and
AVF with PR intervals which were usually
0.08 to 0.12 second in duration (Figure 76)'.
The configuration of these waves is the same
as that obtained when the caudal part of the
right auricle was stimulated (Figures 73, 74 and
73).

The above observation establishes that in
human subjects in the mb leads the P twaves
of premature systoles from analogous portions
of the right and left auricles have similar con-

gurations. \Waves from the cephaltc region
are upright, 1 fact, more upright than the nor-
mal P wave; those from the center are biphasic

SECONDS

%
—

Figure 73 Premature systole m man nm(]lxccd by stmu-

1thng the coudal end of the nght auricde The 4th beat

(X) 15 a premnature systole. The P wave s uerted m Jeads
2,3 and AVF and insistble m Tead §
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or isoelectric; those from the candal end are
decply inverted. A comparison of this obser-
vation with observation 1 in Chapter II
indicates that the auricles in the dog are elec-
trocardi hically similar to those in man.

|
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Figure 74 Premature systole m man produced by stimu.

Lating the caudal end of the nght auricle, Lead 3 The 4th

beat (X) 15 the premature systole The P-R iatenal 15 as

short as 003 second  Beats of this natute are frequentlv

diagnosed as hugh nodat premature systole or coronary sinus

rthythm, but are actually auncular promature sy stoles from
the caudal end of the anncle

This contrasts with the marked electrocardio-
graphic difference between the entricles of
man and dog®*®

OsservaTiON 2@ TnE ELECTRICAL ANES
or e Husax Aviicte Dunne
EXPERIMENTALLY PRODUCED AURICULAR
PREMATURE $)STOLE

The total electrical axes of the aunieles dur-
ing normal sinus thythm and during an experi-
mentally produced premature systole were
easily caleulated from 1 leads 1, 2
and 8. For this purpose the electrocardiograms
were magnified (2 times) and the Einthoven
triangle was utilized in a routie manner.

Focus at the Cephalic End: In eacli instance
in whicl the ectopic focus was at or necar the
sinus node or in esther appendix, the P’ waves

Figure 75 Premature systoles

short as 008
POV S

3  SECONDS

—

auncle The 3rd, 4!1:]: Sth and zhm\i‘:zaf'?:{'"ﬁdmb

second. The P* waves are 1t aveet

y stmulatiog the caudal end of
the nght
premature systoles, The PR wnterval e v
nature
sctually
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Figure 76. Premature systole 1n man produced by

stunulating the caudal end of the left wartcle The 3rd

beat {X) 1s the premature systole. The P* wases are
mverted m leads 2, 3 and AVE

of the premature systoles resembled the normal
P wave and were upright m leads 1, 2 and 8.
Accordmg to current concepts of electrocardio-
graphy, therefore, the wnpulse must have trav-
eled along a cephalocaudal direction. The
electrical axis of the premature beat starting in
this region is similar to that of the normal sinus
beat (Fagure 77).

Focus at the Center of Each Auricle: When

the ectopic focus is midway between the ex-
tremities of the auricle, the impulse travels in
all directions ~ candal, cephalie, and to either
side — with approximately equal potentials, The
potentials tend to nullify each other on the elec-
trocardiogram, with the result that little or no
P wave is inscnibed. Instead the record shows
only an isoelectric }ine or a minute deflection.
Figure 78 shows this phenomenon caleulated
from the classic Einthoven Triangle.

Focus at the Caudal End: In those instances
in which the ectopic focus was at the caudal
end of either auricle, the P" waves were inverted
in leads 1, 2, and 3. Hence, the impulse must
have traveled in a caudocephalic direction. Cal-
culation of the total atrial electrical axis shows
the direction of the impulse to be almost oppo-
site that of the impulse of normal sinus rhythm
{Figure 79).

The P-R Interval: The PR interval may be
prolonged in some instances (Figure 69). In
general, the more caudal the ectopic focus, the
shorter is the PR interval. This phenomenon
may be due 1 part to the proximity of the
caudal portion of the auricle to the auriculo-
ventricular node (Figures 74 and 75).

OBSERVATION 3: VENTRICULAR ABERRATION
IN AURICULAR PREMATURE SYSTOLES IN Man

Examination of the records of experimentally
produced auricular premature systole in man
shows that ventricular aberration oceuss in
some wstances (Figure 72) and not in others.
This is true also of the spontaneously occurring
disturbance 1 man. More thorough discussion
of thus subject is presented in Chapter XV.

OuSERVATION 4: AURICULAR PREMATURE SYSTOLE
SnnruraTing Nobar PREMATURE BEaTs

At the present time 1t is postulated that pre-
matwe beats may start in the auriculo-ventri-
cular node itself.?® ¥ If the P’ wave occurs
immediately (less than 0.12 second) before the
QRS complex the ectopic focus is thought to
be Ingh in the node. If the P waves occur dur-
ing the QRS, the beat is believed to originate n
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Figure 77 iPmnm
roduced by shim
%w prematase svstole 15 the 4th beat {X); the
wave 1s upnght 1n deads 1, 2 and 3, 4 com-

ure auncular systole 1 sman
ulating the nght appendix

pinson of the total atnal ave:

s of normal simus
rhyvthm and premature systole

as caleylated from

the elassic Ewnthosen trangle 15 shawn below, 3t
can he scen that the smpulse of bath hythms is
in a cephalocandy) direction, The electrocardio-
Brams supenmposed o the Dicture of the chest
ate enlarged two tames The lengths of the
ATMoW an the triangles haye been magmiied for

danty and show direction only,

9
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Figure 78 Premature systole in man produced by stmulatmg the center of the nght

auricle The second beat {X) 1s the premature systole The P’ waves are not visible Ven-

tricular aberration 1s present. The total atnal aves are calculated below for normal stnus rhythm

and for the premature systole Since the P’ waves of the premature systole are mvisible, the

atnal avs 1s zero Thus, with the ectopic focus located m this region, the P’ wave 1s ether
imsible or of very low magnitude
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Figure 80 Auncular 7

auricular appendin. The normal sinus rhythm rate 15 73 beats per minute The ouset of the
tachycasdia ts at the 4th beat, the rate 15 94 beats per mwnute The P’ ware 1s upnght m
leads 2, 3 and AVF, the P’-Ranterval is 0 14 second

the middle of the auriculo-ventnientar node. If
the P’ waves immediately follow the QRS, the
beats are supposed to arise low in the node. We
have repeatedly produced the electrocardio-
graphic configuration ascribed to high nodal
and mid-nodal premature beats while shimulat-
ing the auncular wall remote from the auriclo-
ventrienlar node.

As shown in Figures 71 and 72, premature
systoles starting in the mddle of the nght and
left auricles are generally isoelectric, and as a
result the P’ waves are not perceptible. The
electrocardiogram here is identical with that

classically described as charactenstic of mid-
nodal premature beats. Similarly, the picture
of high nodal premature systoles with inverted
P’ waves and short P-R mtervals has been pro-
duced repeatedly by stimulating the caudal end
of either auricle In these mstances the P’ wave
is deeply inverted and the P“R mterval may be
less than 0 12 second. Figures 74 and 75 show
two such examples with P-R intervals of 008
second

Thus the electrocardiographic configuration
of high or mid-nodal premature systoles is
duplicated by premature systoles arising i the
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Figure 81 Auncular parotysmal tachyeardia m man

d:xgo\:d by sumulating the nmddle of the nght appendse The

tachyeardia is of three beots duration (X) P wates

are not clearly wsble, the onset and ofiset of tachycardi
are dstinguishable by the sudden changes yn ate

avrcle proper  Furthermate, 1t is possible that
some electrocardiograms interpreted as show-
g low nodal premature beats may actually re-
flect auneular premature heats w which the
PR intervals are Tong and the P/ waves immedi-

ately follow the preceding QRS complex (Fig-
ures 54, 55 and 56)

OBSERYATION 5 AURICULAR Prxssarune Sysvore
SnruLaTing CoroNary Sivus Reyrang

The smulanty between the compleses pro-
duced when the ectopic focus js at the caudal
end of the auncle and those of “coronaty sinus
rhythm” 15 worthy of note, Tt will be recalled
that 1w caronary sinug thythm the P’ waves ave
myerted i Jeads 2 and 3. and are wsoelectric or
low-upright 1n lead 1% We have observed this
fype of configuration when the impulse arises
at the caudal porbion of exthe

er the right or the
Teft auricle. Therefose, the electmcardiographlc

¥y sinus thythin 1 faund
nat only when the €O1ORATY smus stself is the

site of wnpulse formation, but also when areag
adgacent ta it m the caudal Tegion of both aurj.
cles are wrritated and become ectope foer. Thug

83

it would seem that there is no specific entity
of coronary sinus rhythm,

e v N (ln.\.

Paroxysms of auricular tachycardia were pro-
duced on 12 occasions in B subjects !:y sumula.(-
ing various parts of the auricles dunng{ thf)mc:c
surgical procedures. One canmot predict in :141‘
vamee of stimulating the auricle whether iso-
lated premature heats or short runs of tachy-
cardia or both will aceur, either thythm is pro.
duced with ease. In 11 of the 12 mstances the
paroxysms of tachycardia were of short du‘m-
tion, lasting only a few beats; in the remaining
instance the paroxysm persisted approvimately
two hoors. In no case was the patient harmed
as a result of the procedure.

OsszrvaTio 6. CONFIGURATION OF TuE P’
WaAsE oF EXPFRNMENTALLY PRODUCED AURICULAR
PAROTYSVIAL TACHYCARDIA 1N Man

Focus on the Right Auricular Appendiz: Fig-
wre 80 shows a pavoxysm of autienlar tachyear-
dia produced by stimulating the appendix of
the right auricle iy o patient, The P waves of
fachycardia from this location are upright in
leads 2, 8 and AVF, often more upright than
the normal P wave, Thus the P’ wave of auricu-
lar tachycardia from the vight anricalar appen-
dix 15 similar to that of a premature systole
produced i the same region,

Focus on the Center of the Auricles;

Aurteu-
lar paraxysmal tachycardia was produced by

stimulating the centers of hath the nght and
Yeft auricles, Paroxysmal sachycardias fram this
location in either auncle are  electrocardio-
graphically simiar; the P waves are isoeleetric,
(Figure 81 or show only shight undulations in

the base Ime ( Figure 82), or are inverted (Fig-
ure 83B),

Focus on the Caudal End of the Auricles:
Auricular tachycardia wag produced by stimuy.

tatmg the caudat region of either the Joft or
t)fe nght auricle on at least six Sceasions, ‘The
P’ wavey of tachycardia from thig region are
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Figure 82, Premature systoles and a short burst of tachycardia 1n man produced by stmu-

Jating the center of the nght auncle (ilustration reduced to half stze). The normal P wave

(2nd beat) 1s upnght The first premature systole (first downward amow) 1s the third beat,

The run of tachycardia begins at X. The first beat after the tachyeardia (sccond arrow) 1s

also a prematurc systole The I’ waves dunng tachycardia and during premature systole are

barely visible and are shghtly imverted. The focus in this case was probably from the center
of the auncle.

deeply inverted in leads 2, 3 and AVF; the
P-R interval is gencrally short, often shorter
than normal,

In Figure 844, showing sinus tachycardia,
the auricular rate is 115 beats per mnute, the
P wave is upright in leads 2, 8 and AVF, and
the P-R interval is 0.20 second. In Figure 84B,
recorded from the same patient after tachycar-
dia was produced by stimulation of the caudal
region of the auricle, the auncular rate is 136
beats per minute, the P’ wave 1s inverted in
Jeads 2, 8 and AVF, and the P-R interval is
reduced to 0.10 second. Figure 85 shows an-
other example of tachycardia produced in the
caudal region; again the deeply inverted P’
waves and short PR interval are apparent. In
Figure 85 the second beat (X) 1s a premature
systole with an inverted P’ wave in leads 2, 8
and AVF. Starting at the fourth beat 15 a
paroxysm of auricular tachycardia lasting three
beats. The P’ waves of the tachycardia are 1den-

tical with those of the premature systole. The
PR interval is 0.08 second in both the auri-
cular premature systole and the paroxysm of
auricular tachycardia.

From the above observation it is apparent
that in a given subject the P’ waves of auricular
premature systoles and paroxysmal tachycardia
from the same ectopic focus are identical. This
was repeatedly seen in those mstances in wiich
premature beats alternated with short parox-
vsms of tachycardia (Figures 82 and 85). The
same observation has been made consistently
in the dog (Figures 29 and 30).

The atrial electrical axes 1 tachycardia and
n auricular premature systoles are identical
also because the P waves are identical. What-
ever the nature of the electrical activity in
one disturbance, 1t is the same in the other.
Tachycardia is simply a “run” of premature
systoles occurring when the ectopic focus dis-
charges more rapidly than the sinus node and
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Fogure 83, Electrocatdiograms from a patient diang thoracse surgery,

{A) Nomal sisus thythm The P ware 15 upnght n leads 1, 2,'3 and AVE.

(B) Aurcular paroxysmal tachycardia tn man prolaced by sumulating the tenter of
the nght sumde, The P’ wave is biphasic or imverted 1n leads 2, 3 and AVF and soclectne
m lead 1 The PR interval 15 somenhat reduced Vertmewlar abermation 15 present, most

mashed »n Jeads 1, 3 and AVE.
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Figure 84 Electrocardiograms from a patent dunng tho-
racic surgery

(A) Sinus tachyeardia The P wave 15 upnight 1n leads
2, 3 and AVF The P-R mterval 1s 020 second

(B} Auncular paroxysmal tachycarda the same
patient, produced by stmulating the candal end of the
nght auncle The P7 wave 1s decply myverted 1n leads 2, 3
and AVF, the PR intenal has been reduced to 010

sevond

therefore takes over the pacemaking function.
The individual beats in the two disturbances
are 1dentical.

Qsscavation 7: AURICULAR TACHYCARDIA
SruLaTinG Nopat. TacuvcArpiA

As with nodal premature beats, 1t is postu-

Jated that nodal tachycardia may be diagnosed

and localized according to the configuration

and timing of the P" wave. If the P' wave ap-

pears just before the QRS complex and the
PR interval is shorter than normal, high nodal
tachycardia is said to be present. In so-called
mid-nodal tachycardia, the P’ wave is buried
in the QRS complex. When the P’ wave is in-
verted and immediately follows the QRS com-
plex, low nodal tachycardia is diagnosed. As
in our experiments with premature beats, auri-
cular tachycardias produced by stimulation at
the mid-portion and caudal end of the auricles
were electrocardiographically similar to mid-
nodal and high nodal tachycardia, respectively.
The P’ waves cannot be clearly seen in tachy-
cardias from an ectopic focus in the middle of
the auricle (Figures 81, 82 and 83). In such
electrocardiograms, since the P"wave is not per-
ceptible, mid-nodal tachycardia might be erro-
neously diagnosed. In tachycardia resulting
from stimulation of the caudal region of either
auricle, the P waves are inverted in leads 2, 3
and AVF, and the P-R interval is usually
shorter than normal (Figures 84 and 85). The
electrocardiographic record here is identical
with that considered characteristic of high
nodal tachycardia.

This observation discloses that many or most
arthythmias now diagnosed as high or mid-
nadal tachyeardia are, in fact, some type of auri-
cular tachycardia, It s also significant that au-
ricular tachycardia starting at the caundal end
of the auricle can simulate what is now called
coronary sinus tachycardia.

THE ESOPHAGEAL LEAD

- A m L nATAND M AR FYPFRI-
. PRE-
o . ' AR

20 B

In 10 human subjects, esophageal leads from
high, low and mud-auricular levels were re-
corded simultaneously with either lead 8 or lead
AVF during the production of auricular pre-
mature systole or auricular paroxysmal tachy-
cardia. The esophageal electrodes and tech-
niques employed are described in the Appendix.

In order to explain the sigmficance of the
esophageal lead electrecardiograms reproduced
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Figure 5 Aunculat paroxysmal tachycardia from
the caudal end of the nght auncle The second beat 15
a premature systole, auncular tachycardia of three
beats duration 15 present from the 4th to the 6th

in this chapter, the shape of the normal P wave
in such tracings must first be described (Fig.
ure 86). Esophageal lead tracings of normal
sinus thythm recorded from the highest aun-
eular levels edubit a deep negatne P wave
(Figure 86), this may or may not he preceded
by a small positve deflection Tracings from
mid-auricular levels are characterized by a di-
phasic P wave. In tracings from the lowest au-
ricular levels the positne wave is large while
the negative deflection is small or absent.

beats The P wave 15 identical in prematare systole

and 1n auncular tachycardaa, the P-R mtenal 1s re-

duced to 008 sccond Ventriewlar sberration 1s
present

Esophageal lead electrocardiograms recorded
from levels cephalad to the auricles show a
simple monophasic negative P wave, tracings
recorded caudad to the auricles display a simple
monophasic upnght P wave, The form of these
normal deflections is understandable since the
sino-auricular node 1s located just antero-later-
ally to the esophagus, and the mam course of

the electrical wave of normal sinus rhythm is in
a cephalocaudal direction, Thus the normal
wave travels away from an esophageal electrode
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Figure 86 Electrocardiograms of normal chest with ba-
num filled esophagus, diagrammed to show relatne posi-
tions of esophageal electrodes and nght auncle Esophageal
Jeads graphically superrmposed The nght auncle and
sino-aurntcular node, anterior and lateral to the esophagus,
are m close prouimty to the esophageal electrodes Con-
figuration of the P waves 1s typical of the normal esopha-

ESOPHAGEAL
ELECTRODES .

geal clectrocardiogram  The tracmng from the hghest an-
ncular level exhibits a deep negatne P wave (E 825 em ),
mud-auricular levels (E 850 cm ) a diphasic P wave 15
recorded, and at lowest auricular level (E 375 cm ) large
positine P waves are mscribed These deflections mdicate
that the 1mpulse trasels 1n 2 cephalocaudal direction, start-
g 1 the upper end of the auncle and moving toward
the Iower end
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Figure 87 Esophageal leads from electrodes 30, 35 and
40 em from the lips recorded simultancously dunng tho-

cles {E40) The mmpulse thercfore travels in the usual

at or ahove the level of the sino-auricular node
with the result that the predominant deflection
from such an electrode is negatne. Conversely,
the normal wave travels toward the caudal end
of the auricles and the deflections from esopha-
geal electrodes at successively greater distances
below the node are progressiv ely more positise.

OssERvATION 8 CONFIGURATION OF P’ Wave
v Esopiaceat Leavs
Focus on the Cephalic End of the Auricle:
Auncular paroxysmal tachycardia was produced
m a patient undergoing operation in the thorax
by stroking the nght auricle at a site near the
sino-auricular node. The P’ waves of the tachy-

cephalocaudal direction.

{B) Auncular paroxysmal tachycardia produced by
stroking the nght auncle at a site near the sino-auncular
rode The P' waves are negatne at £ 30, diphasic at E
35 and positwe at E 40 These deflections are similar to
the P waves of normal sinus rhythm and indicate that the

mmpulse 15 traveling m 2 cephalocaudal direction,

1

cardia "in

1 lead elect iogram
(Figure 87B) are similar to the P waves of nor-
mal sinus thythm (Figure §7A); they arc in-
verted in tracings from the level of the sino-
auricular node, diphasic in tracings from the
mid-auricular level, and upright in tracings
from the caudal level of the auricles. Therefore,
the impulse is traveling in a cephalocaudal
direction during both the paroxysm of tachy-
cardiz and the normal sinus thythm.

In a patient with miteal stenosis, auricular
paroxysmal tachycardia was {nduced by exer-
tion while electrodes were in the esophagus.
The esophageal electrode at the level of the
sino-auricular node recorded a diphasic P’
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Figure 86 Electrocardiograms of normal chest with ba- geal electrocardiogram The tracing from the haghest au-
num flled esophagus, diagrammed to show relatne post- neular level exhibits 2 deep negatne P wave (E325¢cm),
tions of esaphageal electrodes and nght auncle Esophageal rmd-auncular levels (E 350 em) a diphasic P wave 1s
leads graphcally superimposed  The nght auncle and recorded, and at Jowest auncular Ievel (E 875 em) large
smo-aurncular node, antenor and lateral to the csophagus, — POSHiTe P wases are mscribed These deflections indicate
are 1 close proumity to the esophageal electrodes  Con- that the impulse travels m a cephalocaudal direction, start-
figuration of the P waves 15 typical of the normal esopha- d of the aurcle and moving towar

mg n the upper en
the lower end
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Figure 87 Esophageal leads from electrodes 30, 35 and
40 cm from the hips recorded simultaneously dunng tho-
raqe surgery 1 a human subect

(A) Regular sinus thythm The P wave 15 negatne at
the simo-auncular node (E 30), diphasic at the mid-autyo-
fas fevel (E 35) and upnght af the caudal end of the aun-
cles {E40) The impulse therefore travels 1n the usual

at or above the level of the simo-auricular node
with the result that the predominant deflection
from such an electrode is negative  Conversely,
the normal wave travels toward the caudal end
of the auricles and the deflections from esopha-
geal electrodes at successively greater distances
below the node are progressively more positive.

OsservaTiox 8 ConFrcuraTioN or P Waye
1§ EsopHacEAL Leans
Focus on the Cephalic End of the Auricle:
Aunicular paroxysmal tachyeardia was produced
4 patient undergomyg operation 1n the thorax
by stroking the nght auncle at a site near the
smo-auricular node The P' waves of the tachy-

cephalocaudal direction
B) Auncular pare

wsmal tachycardia produced by
e 2t A site near the sino-auncular
node ‘The P* wayes are negatne at E 30, diphasic at T
35 and postne at E 40 These deflections ate simular to
the P waves of normal sinns thythm and indicate that the
tmpulse 15 travelng 1 a cephalocaudal direction

stroking the nght auncl

cardia m esophageal lead electrocardiograms
(Figure §7B) are similar to the P waves of nor-
mal smus thythm (Figure §TA); they are n-
verted 1 tracings from the level of the sino-
aurieular node, diphasic in tracings from the
mid-aurcalar Jevel, and upright in tracings
from the caudal level of the auricles, Therefore,
the impulse 15 traveling in a cephalocaudal
direction during hoth the parotysm of tachy-
cardra and the normal sinys thythm,

In a patient with mitra} stenosis, auricular
paroxysmal tachycardia was induced by exer-

¢ in the esophagus.
at the Tevel of the
ded a2 diphasic p
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Figure 86 Electrocardiograms of normal chest with ba-
num filled esophagus, diagrammed to show relative posi-
tions of esophageal electrodes and nght auncle Esophageal
leads graphically supenmposed The nght auncle and
smo-auncular node, antenor and lateral ta the esophagus,
are m close prownuty to the esophageal electrodes Con-
figuration of the P waves 15 typical of the normal esopha-

ESOPHAGEAL
EL.EGTRODES
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geal electrocardiogram  The tracing from the hghest au-
neular level exhibits 2 deep negatne P wave (E 325 cm ),
yud-auncular fevels (E 850 cm ) a diphasic P wave 15
recorded, and at Jowest auricular lesel (E 375 em ) large
positve P waves are mscribed These deflections mdicate
that the impulse travels m a cephalocaudal dircction, start~
g m the upper end of the aurcle and moving toward
the lower end
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e
mpulse o

° {B} Auneular premature systole produced by stroks

The P wave 1s positive 1o both esophogeal leads,

T
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PREMATURE SYSTOLES

B
PREMATURE SYSTOLE
MM

Tevels 33 and 40 con,
30 1t 15 prsatve The

g the middle of the nght auricle
ncicatiog that the impulse anses at the

id-auncular level and trasels toward both edectrodes simmhaneonsly.

wave while the electrode at the Jower auricular
level recorded an upright P wave (Figore
83B). The configuration of these deflections in-
dicates that the tachycardia mpulse ongin-
ated cephalad 1o the normal sinus beat and
trmveled m the same general dwection.

Focus on fhe Center of the Awricles: Anaun-
cular premature systole was produced by stimu-
fation of a site on the mud-portion of the vight
awncle of a patent dunng thoracie surgery.
Esophageal electrodes placed at tugh and low
auncular levels both recorded upright P waves
(Figure 89B). showmg that the impulse arose
midway between the two electrodes and trav-
eled toward  both auneular evtremities simul-

y  Simbar defl

were obtained

when auncolar parosysmal fachycardia was
prodnced by stmulation at the center of the
anncle. Dunng normal sinus thythm in the
same patient, (Figore 83A) the P wave 55
inverted in the esophageal lead from the higher
anricnfar Jevel and upright in the lead from the
lower anriculor fevel, indicating that the normal
impulse travels in a cephalocandal direction.
Focus on the Caudol End of the Awricle: An
avrieular psemature systole {X in Figure 90A)
was produced in man by sti ing the candal
regiont of the sight ausicle, three simultancous
esophageal leads were recorded. At the Iowest
anniewdar levels the P wave is mvested, at mid-
auricular levels it s hiphasic, and at high auri-
cular levels it 1s upright. These deflections are
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Figure 88 Patient with mutral stenosis in whom  fre-
quent attacks of auncular tachycardiz were produced by
evertron (sce Figare 43)

(A) Sinultancous esophageal leads E 30 and E 37,
and limb lead 3 recorded dunng normal sinus rhythm, The
smpulse travels from E 30 where & pute negatne deflec-
tion 15 recorded to E 37 where the deflection 1s purely posi-

tiwe The P wave 1n lead 3 in mverted

(B) Same esophageal leads 1n same patient, Auricn-
las tachycardia was nduced by erertion {while electrodes
were m esophagus) In E 30 the auncular deflection 1s
biphasic mdicating that the site of ongan of the tachy-
cardia rmpulse was cephalad to that of nonmal sinus thythm
At E 37 large upnght P’ waves are seen
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Figure 91 Simultaneous Sead 3 and csaphageal feads from
electrodes 30, 35 and 40 em from the bps 1 a patent
undergoing thoracie surgery

(A} Regular sinus thythm At E 30 the P waie 13
complitely negateve, at E 40 it 15 postive The mpulse
theeefore travels w a cephalocandal dirretion

opposite m direction to the P waves of the nor-
mal beat {first two beats). Clearly, the experi-
mentally produced impulse started at the ciu-
dal end of the auncle and traveled in a cephalic
direction, or opposite the direction of the nor-
mal sinus beat  Figure 90B shows a short run
of aunicular tachycardia produced m the same
pattent a few moments Yater and from the same
focus as the premature systole  Agun the ¥
wave 15 imerted at the Jowest, hiphasic at the
mddle, and upnght at the highest d
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{B} Aurtcalar paroyysmal tachyecardia produced by
stroking the candal end of the auricle The rate 1s 200 beats
pes minute Now the auncular b flection at £ 48 s come
pletcdy negative and at £ 50 1t 15 completely positiee, Thus
the impulte of tachycardia from a caadal focus travels In o
caudocephalie direttion, op{xmn- that of the nomul sinus

heat

mipulse obviously started at the stimulated
point and traveled i a caudocephalic direction
evactly as did the premature systole. The P’
waves in esophageal and limb lead electro-
cardiograms are identical in the two distuch-
ances,

Figure 91 shows another examgple of auricus
far paroxysmal tachyeardia praduced by stimu-
lation of the candal region of the nght auncle.
i\gain the configurations of the aurienlar de.

level During this parovysm of tachyeardsa the

tions in the shageal leads show that the
mpulse traveled m 2 caudocephalic direction



THE AURICULAR ARRHYTHMIAS

DIA

D e ——

B
TAGHYGAR

A
PREMATURE ~ SYSTOLE

\é‘o*c.u's

I
x -

e s emppr g

Figute 90. (A) Auncular premature systole (X) produced
m nght auncle of man by stmulation dunng surgery at
site on caudal end ot auncle marked “focus” Lead 8 and
esophageal Ieads 82 5, 35.0 and 37 5 em from hps recorded
sinaltaneausly. The P wase of the normal sinus beat {first
two beats) 1s negatne in the esophageal lead from the
high auncular level, and upnght in the leads from md-
auncular and low auncular levels, sigmiymg that the exa-
tation wave travels 1 a cephalocaudal direction

The P' wave mscnbed dunng the premature beat
(thurd beat) 15 mverted m the esophageal lead from the
lowest aunicular level, biphasic m the lead from the nud-
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auncular level and upnght m the lead from the highest au-
rcular Jevel This sigmfies that the ampulse staris at the
lower end af the auncle and moves upward Thus the ex-
ataron wave of a prematuse beat from an cctopic focus
low i the auncles travels m a direction opposite that of
the normal stous beat

(B) Same leads i same patient Shortly after the
suncular premature systole was produced, the auncle
was agam stmulated at the same site and suntcular tachy -
cardia developed. The P’ waves of the tachycardla are
sialar to those of the premature systoles and are opposite

w directton to those of the nomal beat
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Figure 91 Sumultaneous )
clectrodes 30, 35 and 40
wndetgoing thoracie surgery

{A} Regular sinus thythm At E 30 the p wave 15

ead 3 and esophageat Ieads from
em from the bps m 4 patient

completely negative, at E 40 it s positie The inpulse
therefore travels 1 a cephalocandal direction,

Opposite 1n direction to the P waves of the nor-
mal beat (first o beats). Clearly, the experi-
mentally produced impulse started at the cau.
dal end of the auncle and traveled 1n 2 cephalic
directian, or opposite the direction of the nor-
mal sinus beat, Figure 90B shows » short run

middle, g

nd upright at the highest auncular
level

Durmg this paroxys
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{B) Auncular patonsmal tachy cardiy produced by
stroking the caudal end of the auncle, The rate is 200 beats
er minute Now the quncular deflcction at E 40 45 com.
pletely negative and at | 30 it 15 vompletely postine, Thus
the tmpulse of tachs cardra from & caudal focus tray elsin g
caudocephahie direction, opposite thie of the nonnal simus

beat

impulse obviously started
pomt and traveled sn 4 caud,
exactly as did the premat
waves 1 esophageal
cardiograms are dent;
ances

at the stimulated
ocephalic direction
ure systole The p’
and himb legd electro.
cal in the two disturb.-

sophageal leads show that the
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Figure 92. (A) Auncular parovysmal tachy-
Nced iy b
Y

(B) Record from a patient with spon-
ta ly oceurnng auncular tachycardia The

cardia I man e

stimulating the nght appendix The P’ wave 1s
upright 1n leads 2 and 3 and isaclectne m
lead 1.

(Figure 91B) in contradistinction to the noimal
beat which ran in a cephalocandal direction
(Figure 914).

The above observation, hke observations 1
and 6, clearly shows the fundamental similarity
between experimental auricular tachycardia
and premature systoles in man. In esophageal
lead electrocardiograms of both arrhythmias, a
pure negative deflection 1s recorded over the
ectopic focus. As the distance between the
electrode and the focus increases, the positive
deflections in the esophageal leads become
Jarger. Since the esophageal lead electrocardio-
grams from a given auricular level are identical
in auricular premature systole and auricular
paraxysmal tachycardia from the same focus,
the mode of ongin and course of the excitation
wave is identical m the two disturbances.

P’ waves are 1dentical to those from the expert-
mental disturbance (A)

RELATIONSHIP BETWEEN CLINICAL
AND EXPERIMENTALLY PRODUCED AURI-
CULAR PREMATURE SYSTOLES AND
AURICULAR PAROXYSMAL
TACHYCARDIA

The similarity between the electrocardio-
graphic deflections of experimentally produced
and spontaneous auricular paroxysmal tachy-
cardia in man is dlustrated in Figures 92, 93
and 94. Figure 92A is a tracing of auricular
tachycardia produced expenimentally 1n man by
stmulating the right appendix, Figure 92B
shows spontaneous aurcular tachycardia The
P’ waves from leads 2 and 8 in the two records
are upright and similar in appearance. Figure
93A shows tachycardia expenmentally pro-
duced from the body of the right auricle; Fig-
ure 93B reflects the spontaneously occurring
disturbance. In both these instances the P’
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Figure 93 (A) Auncular parorysmat tachyeardia 10 man
produced by stmulatmg the center of the

[

mavssy MWL ie K waves are isoelectric as mn the
expenimentally produced disturbance

wave is difficult to dentfy. Figure 94A illns-
trates a paroxysm of tachycardia produced by
stinulating the candal end of the right auricle,
Figure 948 is the electrocardiogram of a 5pon-
taneous disturbance, Here the P waves m the
two records appear almost identical.

As noted Chapter IX, Treporting a study
of 107 patients with tachycardia, the P’ wa
of this arrhythmg
fall mto three relat
upnght, isoelectric,
demonstrate that 1
mg m the cephalic

VES
m the standard limb leads
ively distinet classifications.,
and inverted Our findmgs
man, tachycardias onginat-
end of the auricles exiubit
uprsght P waves, those ansng near the center
of the body of the auricle show 1soelectrie or
low upright of inverted P wayes,

the relationship between the site of the ectopic
focus and the direction of the auricular deflec-
tion is reached by calculation of the total au-
ricular electrical axes (Observation 2),
Esophageal electrocardi have been
taken ‘dur?ng spontaneous auricular. premature
systole in six patients and during spontancous
parocysmal tachycardia in three pationts. .In
all instances these records were identical with
esophageal leads taken during experimentally
produced auricular premature systoles and
paroysmal tachycardia in man (Figure 9a).
From such studies, the uncquivocal conclusion
may be drawn that the excitation waves of
both spontaneous and experimentally produced
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auricular premature systoles and paroxysmal
tachycardia originate at an ectopic focus and
pursue an identical course: Waves arising at the
caudal end of the auricles travel in a caudo-
cephalic direction; those arising at the cephalic
end travel in a cephalocandal direction; those
arising at the center of the auricles travel to-
ward both extremities simultaneously. No evi-
dence of a circus movement has been found in
either disturbance.

The concept of the unitary nature of the au-
ricular arrhythmias is discussed in detail in
Chapter XVIII, The first stage in the develop-
ment of this concept is the establishment of
the relationship of auricular premature systole
to paroxysmal tachycardia. The resemblance
between these disturbances is shown by the
identity of their P waves in limb and esopha-
geal leads when they arise from the same cc-
topic focus. Their close relationship is further
emphasized by the fact that either arrhythmia
can be produced with ease in human subjeets
by mechanical stimulation of the auricles. We
have repeatedly produced single premature
beats in both man and animals while stimulat-
ing the auricles mechanically, Occasionally two
successive premature beats occur, in other in-
stances three, four, five and six successive “pre-
mature” beats appear, constituting a short
paroxysm of tachycardia, It is thus clear that
the essential difference between auricular pre-
mature systoles and auricular paroxysmal tachy-
cardia is the 1ate of discharge from the ectopic
focus. In tachycardia the ectopic focus dis-
charges more rapidly than the sinus node and
usurps the pacemaking function, In premature
systole only occasional beats arise from the
ectopic focus and the sinus rhythm remains
dommant.

Sir Thomas Lewis **" came to these same
conclusions regarding the relationship between
auricular premature systole and paroxysmal
tachyeardia with the relatively primitive tools
at his disposal coupled with excellent clinical
observations and deduction.

SUMMARY AND CONCLUSION

Auricular premature systole and auricular
paroxysmal tachycardia have been produced
experimentally in 18 patients by mechanically
stimulating various parts of the auricles during
cardiac and pulmonary surgical procedures. The
resulting arrhythmias were studied by means
of high-speed cinematography and by limb and
esophageal lead electrocardiography.

The cinematographic appearance of experi-
mentally produced auricular premature systole
and auricular paroxysmal tachycardia in man
is identical with that observed in the dog. In
both arthythmias, whether in man or in the
animal, the contraction wave arises at the site
of stimulation and spreads outward in all avail-
able directions.

If auricular premature systole and auricular
paroxysmal tachycardia are produced from the
same ectopic focus in a patient, the configura-
tion of the P’ waves in limb lead electrocardio-
grams is identical in the ‘two disturbances. If
the focus is at either appendix, the P" wave is
upright in leads 1, 2, 3, and AVF, and similar
to the normal P wave; the impulse travels from
the appendix in a cephalocaudal direction as
calculated from the total auricular electrical
avs. If the impulse onginates in the center
of the auricle, it travels toward both auricular
extremities; the P’ waves are then isolectric or
small upught or inverted in leads 1, 2, 3 and
AVF. When the impulse starts at the caudal
region, 1t travels in a caudocephalic direction,
the P’ waves are inverted in leads £, 9 and
AVF The P-R interval in either auricular pre-
mature systole or auricular paroxysmal tachy-
cardia from the caudal region is often shorter
than normal and may be as short as 0.08 sec-
ond, If the cctopic focus is at the cephalic ex-
tremity, the P-R interval in the two arrhythmias
may or may not be prolonged.

Esophageal lead eclectrocardiograms from
high, middle and low auricular levels were re-
corded simuitancously 1n 10 patients during
expenmentally produced avricular premature
systole or auricular paroxysmal tachycardia.
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When the caudal end of the aunicles is stimu-
lated, the deflection from the low auricular level
is megative, the deflection from the mid-auric-
ular level is biphasic, and the deflection from
the high auricular level is positive; the excita-
tion wave therefore travels in a hali

direction. If the cephalic end of the auricles is
stimulated, the deflections in the esophageal
leads are opp int direction to those ded
when the ectopic focus is at the caudal end,
indicating that the excitation wave pursues a

cephalocandal course.

The P waves of clinical and experimental
auricular premature systole and auricular parox-
ysmal tachycardia are identical in both esopha-
geal and limb lead clectrocardiograms. In
either arthythmia, whether it occurs spontane-
ously or is produced experimentally in man or
animal, the excitation wave starts at an cctopie
focus and travels outward 1n all available direc-
tions, There is no evidence of a” circiis move-
ment.



CHAPTER V

The Motion of the Auricles in Auricular Flutter

Avuricuran flutter is a condition characterized
by a rapid, regular auricular rate within a range
of 150 to 360 beats per minute, usually between
260 and 320 beats per minute. Auriculo-ven-
tricular block resulting in a substantially lower
ventricular rate is almost invariably present.
Most commonly the block is in a ratio of 2:1
with a ventricular rate of 180 to 160 beats per
minute; higher degrees of block may occur with
ventricular rates of 65 to 80 beats per minute
(4:1); occasionally, complete aunculo-ventric-
ular dissociation is present with an independent
ventricular rate of 30 to 40 beats per mnute,
rarely, auricnlo-ventricular block is absent, in
which case the ventricular rate is the same as
that of the auricle (1:1).°

The nature and mechanism of auricular flut-
ter are discussed in detail n Chapters VI and
VII.

CLINICAL CONSIDERATIONS

Although 1 a broader sense 1t may be stated
that auricular flutter occurs under the same
conditions which are known to favor the de-
velopment of auricular fibnillation, certain sig-
nificant differences are to be noted.

General Incidence: Auricular flutter s much
less common than auricular fibrillation. The
ratio of the former to the lattey, as reported for
large series of cases in variolls clintes, ranges
between 1 to 10 and 1 to 20.0% 34341 5o

Age and Sex Incidence: Although auncular
flutter can occur at any age, it is a disease es-
sentially of nuddle and advanced years. This

Tt is questionable that 1 1 flutter 1s basically distinguish-
able from rapid Jar pa 1 tachycardia { Chapter
1X).

" tient exhibiting futter with 2:

[98]

arthythmia is four or five times more frequent
in males than in females. Since its occurrence
is predominantly in the elderly, its association
with degenerative cardiovascular disease is rela-
tively frequent.

Pathology: As in auricular fbrillation, no
specific pathologic anatomy is recognized for
aurjcular flutter.

Symptomatology: The almost invariable
presence of auriculo-ventricular block with a
consequent slowing of the ventricular rate tends
to mutigate the effects of auricular flutter. In
the absence of serious myocardial disease, few
symptoms may develap even when the disorder
persists for many months. Sir Thomas Lewis
cites the case of a patient “in whom the ven-
tricle has continued to beat at 140 per mimute
night and day for ten years, his condition bemg
much the same at the beginning and end of this
period. Such cases illustrate the resistance of
a relatively healthy heart to prolonged and
considerable stram in a most convincing man-
ner.” *¢ When the arrhythmia occurs in short
paroxysms the symptors are Targely subjective,
namely, palpitation, apprehension and perhaps
slight breathlessness.

On the other hand, on a background of
serious myocardial disease, the arrhythmia may
rapidly precipitate severe congestive failure. In
the rare instances 1n which aunculo-ventricular
block is absent, a rapid ventricular rate of 300
or more beats per munute may bring about
complete collapse and unconsciousness even
mn an otherwise relatively normal heart. Sim-

ilarly, a state of collapse may occur in & pa-
.1 or higher-grade
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auticulo-ventncular block when, as a result of
emotional stress or other factors, the block
disappears and the ventricular rate suddenly
doubles or quadruples. )
Diagnosis:  Although a final and definite
diagnosis can be made only by means of the

electrocardiogram, bedside r of au-
ticular flutter is not infrequently possible. A
persistent, regular tachycardia at a

rate within the range of 130 to 160 beats per
minute in a middle-aged or elderly person is
highly suggestive of flutter; the possibility is
further strengthened by a bistory of shorter
paroxy d with palpi or faint-
ing In such an instance carotid sinus Ppressure
serves to dfferentiate auricular flutter from
sinus tachycardia and from auricular and ven-
tricular paroxysmal tachycardias. If this pro-
cedure results in sigmBicant slowing of the pulse
rate or the dropping out of several beats, fa)-
lowed by a “Jerky” retreat 1o the previous rate
after cessation of pressure, the diagnosis of
flutter can be regarded as almost cestain, In
sinus tachycardia, carotid SINUs pressure may
slow the rate slightly but not sigmficantly In
auricular paroxysmal tachycardia, st esther ter-
minates the bout with sudden restoration of
normal sinus thythm, or 15
In ventncular paroxysmal tachycardra, carotid
sinus pressure is without effect, Jy should be
borne in mmnd that ventneular Pparoxysmal
tachyeardia normally tends to he shghtly irregu.

ute such interruptions to carotid sinus Pressure

(see Table 1)
Other eharcat

the diagnoss of
(1} Change

sound This 45 d

Drocedures whyeh may
auncular flutter are,

b intensity of the first heart
e to vanations i the PR in.
from slight differences 1y the

aid in

mtenal of 021 secong 0r 0.22 second will pro.

duce a faint first sound . . . Conversely, as one
might suspect, when the P-R interval is short,
the first sound is increased.” 2 .

(2) Effects of exercise. {A) In auricular
flutter, especially with the higher-grades of
blocks (4:1, ete.), exercise may suddenly bring
about an exact doubling of the original regular
ventricular rate, as from 63 or 70 to 130 or 140
beats per minute. (B) In other instances, exer-
cise may result in a sudden change from a slow,
absolutely regular ventgfeular rate to o rapid, ir-
regular rate. (C) Wheh the original ventricular
rate is relatively slow and irregular because of
anarregular block, exercise will sometinies canse
the rate to greatly increase and become com-
pletely regular. Changes of type C differentiate
awricular flutter with irregular block from au.
ricular fibullation in which exercise also brings
about an increase in rate but causes the rhy thm
to become more irregular. Under all three cir-
cumstances, cessation of exercise will he Tap-
idly followed by reversion to the original rate
and chythm,

{(3) Pulse rate. A pulse rate substantially
above 180 {190 to 210) rarely occurs in auric-
alar flatter, for, as pointed out by Harvey and
Levine ™ “if the rate i 190 to 200 and per-
fectly regular, jt 15 extremely unlikely that flut-
ter 1s present, The auricular rate would of ne-
cessity be either 190 to 200 with a 1) thythm
or 380 to 400 with a 2:1 block The former pos.
sibility can be fauly well ryleq ot because 1,1
Hutter l.s extremely rare apd the auncular rate
of 190 is too slow {if untreated). The latter js
very unlikely because the awricular rate in
flutter rarely exceeds 86"

() Efcet The effect of
ar to though less strik-

the neck veins,
s of high-grade
A Tesponses are infre.
lar waves transmitted

m some mstance
€ ventricy),
auent, smail rapg Tegu
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Figure 96 Sumultancous phonocardiogram, mgular pulse teacng and electrocardiogram {CHy)

from a patent with auriculsr futter  Note the absolute constancy of the P

mathed vamation of the sounds and of the ygular pulsations,

Figwe 93 demonstrate that w huamsn auncula

beat 1o beat afthough the electueal actiaty Temams canstant.
Burchell, MD)

from the auricles may be seen m the vews of
the neck as mmmie andulations.

(6) Duration of nttacks. Paroxysms of au- s

ricular futter usually persist for Jong periods
of tume, for months or ever years This is in
sharp contrast to sinus and auricular paroxysmat
tachycardhas m which the parorysms wsually
termunate within a period of hours or days.
Prognaesis: The outlook for patients with au-
ricular flutter depends primanly upen the state
of the myocardmm and secondasily upon the
response to treatment When the myocardium
15 relatively healthy and response to therapy
good, the prognosis 1 excellent, even if the
arrhythmia tends to recur, with proper man-
agement the patient can enjoy satisfactory
health for indefinite peniods of time, Bowever,
when the myocardium 1s seriusly damaged and
the arthythmia resistant to therapy, the outlook
is unfavorable; the added burden of the per-
sistent tachyeardia wall tend to precipitate se-
vere congestive fature

waves with the
Both this Hustration and
¢ futter there is mechanical vanution from
(Countesy Haward B

EXPERIMENTAL STUDIES OF
AURICULAR FLUTTER
The term “flutter” was first used to charac-
terize auricular contractions in 1857 when Mae-
William *2 applied tt to an experimentally pro-
duced disturbance in the auricles of animals,
Presumably the term was adopted because of 2
resermblance of the motion of the auricles to
the fluttering wings of a bird. MacWilliam
suggested that the rapid, thythmic contractions
were coused by a series of impulses from a
single ectopic focus. No electrocardiograph
was available at that time, and the exact nature
of the disturbance observed by MacWilliam
temained nmknown. Ritchie,® in 1805; Gib-
son, 2% in 1803, 1906; and Herz and Good-
hart s in 1908, directed attention to a similar
arthythreia @ man. Jolly and TRitchie,®® in
191}, first applied the term of
ta tha Aiee -1

F auricular Ao
* i
,

1 ] . .
't tesese At e tum of the cen-



102

THE AURICULAR ARRHYTHMIAS

LEFT
AURICGLE

D

Figure 97, Reproduction of the results of Lewis’ most com-
plete cxperiment, from these determmations he calculated
the course of the flutter wave and concluded that the
circus movement exists  According to the circus movement
theory, the impulse travels up the nght auncle and down
the left and thus moves n an opposite direction 1n cach.
No d inations arc d on the long d d path
over the left auricle (After Lewis  The Graphic Registra-
tion of the Heart Beat, courtesy Shaw and Sons, Ltd.,
London. )

1

tury, the mechanism of auricular flutter was

the subject of investigation by many work-
ers.!®4 105 822 The arrhythmia was generally
considered to result from a discharge of stimuli
from a single or multiple ectopic foci. During
this period a number aof investigators advanced
the concept of “circulating rhythms.” Mayer,**
in 1908, produced circulating rhythms in rings
cut from the bell of a medusa. Mines, 435 1% ip
1018, 1914, obtained unidirectional contraction
waves in ring preparations cut from the auricles
of large rays. Garrey,”7 jn 1914, produced cir-
culating contractions in rings cut from the base
of the ventricles of large turtles. Mines 4% and
Garrey *'7 suggested that such rhythms could
be responsible for the condition known as fibril-
lation. It was the work of these investigators
that formed the basis for the monumental con-
tributions of Sir Thomas Lewis and his associ-
ates 863, 364, 365, 366, 307, 368, 369, 370 from 1918 to
19210

The Circus Movement Theory: The prevail-
ing theory of the nature of flutter was advanced
by Lewis and his co-workers and has domi-
nated medical thinking on this subject for more
than 80 years. According to Lewis™ theory, a

wave of contraction travels throngh both au-
ticles in a unidirectional circus path (probably
counter-clockwise) around the mouths of the
two venae cavae (Figure 97). The main or
“mother” wave moves in a narrow muscle path
and, in its course, gives rise to “daughter” waves
which spread over the remainder of the auric-
ular bodies and appendices. This concept has
been aceepted by most clinical and experimen-
tal workers and is included as established fact
in nearly all standard textbooks.

The evidence upon which Lewis based his
theory s illustrated in the following summary
of his most complete experiment, 3% 383

In a dog exhibiting electrically induced But-
ter, the exposed heart was explored electro-
graphically by means of paired electrodes
placed directly on various parts of the auricles.
From the time of onset of intrinsic deflection
as determined by means of a simultaneously
recorded lead 2, the course of the cardiac im-
pulse through the auricles was caleulated (Fig-
ure 97).

As shown in Figure 97, from the ectopic
point of ongin (“8”) the course of the im-
pulse was traced by determining the hme
of its arrival at successive points on the au-
ricle between the caudal end and the ap-
pendix. Almost all determinations were made
on the right auricle; only two observations
were made on the left auricular appendix and
none on the body of the left auricle. From
the time values of 0.075 and 0.137 secand ob-
tained at the superior and inferior venae cavae,
respectively, Lewis concluded that the impulse
circled the superior vena cava, descended
through the body of the left auricle, and em-
braced the inferior vena cava to re-enter the
original circus path. In the absence of com-
plete determinations the wave was assumed fo
travel through both auricles at a constant rate;
on that basis, Lewis computed the time re-
quired for the impulse to return across the body
of the left auncle to the 0.000 time-pont. The
result of his calenlation corresponded almost ex-
actly to the time of arrival of the seconfi im-
pulse as demonstrated electrocardiographically.
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PERICARDIUM:

TiP OF LEFT
AURICULAR

APPENDIX

Figure 98 Hlustration to demanstrate the type of exposure
of the heart as utilzed by Sir Thomas Lewss The heart 15

supported by a pencardial hammock sewcd to the margms

This circumstance seems to have provided con-
siderable support for the circus movement
theory That Lewrs lumself was aware of the
significance of the gap in Ius determinations 15
ndicated in the following statement- “No doubt
remains as to the course taken by the excita-
tion wave during the {lutter i the experiments
which have been discussed, msofar as the ex-
posed surface of the night auricles, the left sur-
face of the supenor cava, the band and left
appendix are concerned, The weakness obvi-
ously hies 1n the length of the gap between the
tra-auricular band and the mferior cava on
the return journey ”* 3%

Lewss believed that clineal evidence con-
firming the circus movement theory conld be

*In ts evpenments on dogs, Lewss generally exposed
the heart by making parallel incinons to the nght and Jeft

of the sternum near the rupple Iines The heart was held .
2 “pencardial swing” made by sphtting the pencardial sac
and sewing the cut edge of each prece to the chest wall on
the correspanding side Thae senwsens ~m — A
etposure of the

but did not expx

demonstrates the

Lewss’ method

described m the »

RIGHT VENTRICLE i

AURICULO-VENTRICULAR }
GROOVE
RIGHT AURICLE

PULMONARY ARTERY

of the mnaision Note how poorly the auncles are cvposed.

See Figures 1, 2, 319 and 320 to comparc the evcellent

cxposure of the suncles obtamed by the type of dissection
employed in the present studies

derived from the following observation. In a
patient with auricular flutter, he and his associ-
ates ¥ recorded three simultancous leads from
frontal, sagittal and horizontal planes of the
body. By detailed examination of the momen-
tary atrial clectrical axes, they determined that
the avs revolved through 360 degrees during
the course of each auricular cycle. This revo-
lation was attnbuted to the movement of the
main excitation wave and was regarded as proof
that the wave pursued an elliptical path around
the cavae. Decherd, Ruskin and Herrman,
1945, and Grishman and co-workers, in

19502 confirmed Lewis' findings and sup-
ported his conc!usionj

_ Recent Experimental Studies: During the
30 years following Lewis’ classic obscrvations
on the mechanism of auncular flutter, varions
authors have investigated this subject. Up to
the present, no facts have been submitted which
conclusively prove the circus movement theory,
and no convincing evidence has been advanced
m faver of an alternative concept. All previous
and subsequent studies of auricular flutter were
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less extensive than those of Lewis and less
direct in approach.

Brams and Katz; ® Scherf and Boyd; *'! and
Wilson; ¢ object to the clinical evidence ad-
vanced by Lewis on the grounds that the
course of the impulse in a narrow band of
muscle cannot be deduced from the form of
the aurjcular deflections. It is generally ac-
knowledged that the auricular deflections rep-
resent electrical activation of the entire aurije-
ular musculature. According to the circus
movement theory, the main mass of the auric-
ular musculature is activated by the danghter
waves which spread in all directions from the
mother path. Therefore, these authors main-
tained, activation of the narrow mother path

alone would scarcely produce a deflection on *

the electrocardiogram; hence, the auricular de-
flections cannot represent the movement of the
impulse in a circus pathway, Other objections
in this phase of Lewis’ work are presented in
Chapters VII and VIIL

Brams and Katz ¢ produced flutter in dogs
by the post-electrical stimulation method and,
with large forceps, effected a severe crush in
Lewis’ circus pathway, flutter continued un-
interrupted. These authors admitted that, al-
though the original path described by Lewis
was completely severed, the possibility of two
new daughter circus movements, one on cach
side of the crush, could not be 1uled out. This
opmon was shared by Wiggers.**®

Weiner and Rosenbleuth, ¢% and Selfridge,®*
after a detailed and highly technical mathe-
matical analysis of the fundamental properties
of auricular muscle in flutter, ponted out cer-
tain inconsistencies 1 Lewis’ calculations per-
taining to circus movement; nevertheless, they
concluded that the circus movement of active
waves was prabably the mechanism of auricular
flutter. From their data they could neither
prove nor disprove other possibilities, such as
(1) one or more active auricular pacemakers;
and (2) a continuous external stimulus causing
the most excitable region or regions to become
active auricular pacemakers,

In later publications, Rosenbleuth and Garcia

THE AURICULAR ARRHYTHMIAS

Ramos 516 517, 519 comp]ete]y accept the cireus
movement theory, They blocked the intercaval
auricular bridge by crushing or by application
of cocaine, and belicved that this tended to
perpetuate the circus movement along its orig-
inal path by preventing the short-cuts which
might terminaté the arrhythmia; such proce-
dures also were considered to facilitate the pro-
duction of flutter. In andther experiment they
extended the obstacle by farther application
of cocaine in order to widen the circus path; this
resulted in a decrease in the flutter rate, inter-
preted as indicating that a longer time was
needed for the impulses to travel around the
widened perimeter of the hypothetical circus
path”™

The contributions made by Scherf and his
associates are perhaps the most illuminating
since those of Lewis. These workers were the
first to produce auricular arrhythmias by direct
application of aconitine to the auricular wall;
a modified form of their technique has proved
superior to all other methods employed in our
laboratory. They further demonstrated that a
reversal of the arrhythmias could be obtained
by cooling or clamping off the aconitine
focus.®? The mere facts that an arhythmia
can be initiated by local application of aconi-
tine and terminated by coohng or clamping
off the aconitine focus do not estabhsh the na-
tmne of the disturbance Rather, the value of
the aconitine method 15 that it provides a re-
liable means of producing arrhythmias for pus-
poses of study. Finally, Scheif and his associ-
ates have been among the few who have con-
sistently maintained that the existence of a
circus movement, as Lewis himself adwmitted,
has never been conclusively established

Scherf 2 produced flutter by mjecting aconi-
tine into the auricle and attempted to mter-
rupt the cireus path by placing ties across the
tacnia termmalis, in 16 of 17 expenments the
flutter continued unchanged. Unfortunately,
Scherf’s investigations, like those of other work-
ers after Lewis, were based upon indirect
methods of observation Without the use of
direct auricular leads or some other means
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of direct observation, it is impossible to deter-
sune exactly what 15 happenog in the ausicle.
Thus while some of the indirect evidence ob-
tamed by Scherf appeared inconsistent with
the circus movement theory, the conclusions
tie could draw from his mvestigations of neces-
sty were not decisive and often not consistent,
n 1928 he wrote that “Buttes and fibrillation
are due to a very rapid stimulus formation and
that a complete separation from other tachy-
cardias is not justified” %8 More recent obser-
vations Jed him to a different conclusion,
namaely, that the different responses to vagal
stunulation of auricular tachycardia and auric-
wlar flutter mdicate “that we ave dealing with
two different types of sumulus formation.”
From these observations he suggests that the
stimub i futter are continuons while 1n tachy-
cardia they are intermittent ™° Such a theory
has not received support from our observations,
By 1950, Scherf and Ius assocates had decided
thes easlier theory of fbnllation did not always
hold true, for they stated: “The exgeriments are
evidence which tends 1o support the theory
that 1 some forms of auncular Sbrillatren move
than one centre of rapid stimulus formation is
active” % Among Scherf’s obiections to the
circus movement theory 35 the statement that
the auncalar deflections of Autter bl

is 1nvalid, since in some 80 per cent of cases the
flatter deflection is apposite in direction to the
normal P wave {Chapter V1), That Scherf was
unable to draw definitive conclusions from his
indirect observations is shown by his statement
in 1948 that . . . these objections and the ev-
periments discussed in this communication do

not prove, that a cirens movement does not
exist.” 55 !

MATERIALS AND METHODS

‘The weakness in the evidence presented by
Lewis as well as by all workers who have ex«
pressed doubt concerning the cirens movement
theory hes in the fact that none has been able
to trace the course of the flutter wave in its en-
titety. Without such direct observations, no
final conclusions are possible, As deseribed in
the Appendsy, the techmque of dissection used
m this laboratory permits complete exposure of
both auricles.

Auricular fiutter was produced in 40 dogs
and photographed at camera speeds of 100,
750, 1000 and 2000 frames per second, In each
sustance the presence of futter was confinme:
by elect diogy taken 3}
with the einematographs (Figure 93). A given
arthythmia was ineluded in the stndy only 3

1

those of normal sivus shythm This statement

it i ‘"'.L ted the recognized electracardiopraphic
criteria for the diagnosis of fintter, namely,
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Figure 100. Photograph made with the heart Tifted ven-
trally to demonstrate the relationshup of the posterior sure
face of the heart and ste of acomtine apphication Aco~

regularly recurring waves of typically undulat-
ing configuration accurring at a rate of approxi-
mately 300 per minute, absent or short iso-
electric peuods, and 2:1 or geater auriculo-
ventricular block. By means of slow motion
pictures of both the left and the right auricles,
the entire course of the contraction wave of
awricular flutter could be directly visualized.
By means of direct auricular leads fiom both
auricles, the entire course of the excitation wave
of auricular flutter could be accurately traced.
The results of the cinematographic studies are
discussed in this chapter. The corresponding
electrocardiographic observations are presented
in Chapter VL.
Mecthods of Production: Experimental auric-
< ular futter was produced by three methods.
(1) post-electrical smulation (Lewis}, *** {2)

e
ACONITINE
FOCUSs

nitine was apphied to the natural erevice formed by the
nferior vena cava and a branch of the pulmonary sein.

intercaval block ({Rosenbleuth and Garcia
Ramos), %1% 1% 5% 519 apd (3) aconitine
(Scherf) %12 3%

(1) The auricles were stimulated for various
periods of time with single induction shocks
from a pulse generator at rates of approumately
400 to 500 per minute. Flutter was readily pro-
duced during the period of electrical stimula-
tion, only on rare occasions did the arrhythmia
persist after stimulation had been discontinued
for a length of time sufficient to permit ade-
quate cimematographic study.

(2) Rosenbleuth and Garcia Ramos found
that crushing or blocking of the ntercaval
bridge with cocaine facilitated the production
of post-stimulatory auricular flutter, only rarely,
and with great difficulty, coufd they obtam the
arthythmia without such block. In the present
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Figure 101 Enlarzed photographs of auncular futter pro-
duced by the application of aconitine to the caudal en

of the auncle near the mienor vena cava  Successive pre~
tores demonstrate that the contraction wave spreads across
the auncle as a broad band from the site of ongm near

study, intercaval block was produced in a few

> by (a) erushing, (b} cocami
tion, ar (c) searing with a hot glass rod. These
procedures in our hands only moderately in-
creased the ease with which Butter could be
secured as a post-simulatory effect.

(3) Aconttine proved the most effective
agent in the production of Butter, the resultant
arthythmia usually was of sufficient duration to
permit adeguate photographic and electrocardi-
ogeaphue study. Ealy in the study, 005 cc. of

1

B. Early systole — contraction w:

AURICULAR FLUTTER

coduced by applymg acomune 3t focus.
- RN

ave traveling toward appendic.

ravels 1w same otdez as systole.

the iferior vena cava, through the body onta the nght

appendix, This 18 followed by 3 rehaxation wave which

Folows an identical course, Flutter produced by post-

electncal stmulation has the same appearance as that
produced by acamtine

0.03 per cent solution was injected into the wall
of the auricle as secommended by Scherf. Later
we found that topical application of aconitine
was superior and easier to control; a small
cotton swab saturated with 003 to 20 per
cent solution was applied to an area 1 to 2
millimeters in diametes on the surface of the
auricle. The chosen site was swabbed dry be-
fore the application of aconitine and the nearby
region was packed with cottan to proteet the
ventricles from cantact with the drug. The top-
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ACONITINE
FOCUS

Figure 100 Photograph made \uth the heart Ix[ted ven-
trally to the of the sur-
face of the heart and site of acomitine apphcation Aco-

regularly recurring waves of typically undulat-
ing configuration occuning at a rate of approxi-
mately 300 per minute, absent or short iso-
electric periods, and 2:1 or greater auriculo-
ventricular block. By means of slow motion
pictures of both the left and the right auricles,
the entire course of the contraction wave of
auricular flutter could be directly visuahzed.
By means of direct auricular leads from both
auricles, the entire course of the excitation wave
of auricular flutter could be accurately traced.
The results of the cmematographie studies are
discussed 1n tins chapter The corresponding
electrocardiographic observations are presented
in Chapter VI.
Methods of Production: Experimental auric-
- ular flutter was produced by three methods:
(1) post-electrical stimulation (Lewis), 36+ (2)

mtine was applied to the natural cresice formed by the
wferior vena cava and a branch of the pulmonary vem.

intercaval block (Rosenbleuth and Garcia
Ramos), 3% %16 #1% 20 and (8) aconitine
(Scherf) .52 583

(1) The auricles were stimulated for various
periods of time with single induction shocks
from a pulse generator at rates of approuimately
400 to 500 per minute Flutter was readily pro-
duced during the period of electncal stimula-
tion; only on rare occasions did the arrhythmia
persist after stimulation had been discontinued
for a length of tme sufficient to permit ade-
quate cinematographic study.

(2) Rosenbleuth and Garcia Ramos found
that crushing or blocking of the tercaval
bridge with cocaine facilitated the production
of post-stimulatory auricular flutter, only rarely,
and with great difficulty, could they obtam the
arrhythmia without such block In the present
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Figure 102 Enlargement of photographs with the camers  monary vem, In A the aundles are in full dustole, In
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teached the other,

Acomtme was placed midway between the auricles m
3 nateral cresiee botween the wienor vena casa and pule
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ical use of aconitine is preferable since it ob-
viates the danger of accidental injection of the
drug into the blood stream with resultant ven-
tricular fibrillation. The most favorable site for
the production of Rutter by means of aconitine
was found to be an area on the line of the cau-
dal attachment of the inter-auricular septum;
here a natural crevice is formed by the walls
of the inferior vena cava and the pulmonary
vein stemming from the lower lobe of the left
lung. Application of the drug at this site pro-
duced flutter in 25 of 80 consecutive experi-
ments (Figure 100).\
L

THE CINEMATOGRAPHIC APPEARANCE
OF EXPERIMENTALLY PRODUCED
AURICULAR FLUTTER

OsservaTION 1: CoOURSE OF THE CONTRACTION
WaVE oF FLUTTER FrOM a Focus at
TiE Cavupar Enp oF tHE RicHr AURicLE

Flutter was produced by post-electrical stim-
ulation or local application of aconitine at the
caudal end of the auricle near the inferior vena
cava (the site generally employed by Lewis
and co-workers %) in 10 dogs, motion pictures
of the right auricle were taken at 2000 frames
per second. The cinematographic appearance
of the flutter wave was the same regardless of
the method used in its production. On the
films, the following characteristics were ap-
parent.

The contraction wave spread across the
anricle as a broad band from the site of origin
near the vena cava, through the body, into the
right appendix. This was followed by a relax-
ation wave which pursued an identical course.
Succeeding contraction waves followed each
other rapidly, they often were initiated before
diastole had reached all areas distant from the
ectopic focus, (Figure 101)

From this experiment, it is easily understood
that Lewis assumed the flutter wave pursued
a unidirectional course, so far as the nght auricle
is concerned, when the ectopre focus 1s located
at the caudal end of the auricle, the wave
can be traced cephalad, from “nght to left”
to the appendix. However, the cinematographs

clearly show (1) that the wave is not a
narrow band, but involves the entire width of
the auricle; (2) that each succeeding wave
starts at the ectopic focus and does not come
up from behind the inferior vena cava; (3) that
as the wave passes over the superior vena cava
it continues in the same direction into the right
appendix and does not turn down toward the
left auricle as it would if jt were pursuing a
cireus path. The main path of the wave is the
only one seen; nothing is present to suggest a
“mother” path giving off “daughter” waves,
Lewis *** observed that as the auricular rate
became faster, the speed of propagation of the
contraction wave became slower. Cinemato-
graphic examination of the contraction wave
appears to confirm this observation; the wave
definitely travels more slowly in flutter than
in normal sinus rhythm.

This observation casts considerable doubt on
the eircus movement theory and disproves some
of its essential premises. It does not, however,
completely exclude that concept.

OnservaTioN 2. SPEED oF THE CONTRACTION
WavE OF AURICULAR FLUTTER

Using the same technique as in the above
experiment, an attempt was made to check
Lewis’ computations of the time required for
the wave to traverse the complete circus path-
way starting at the caudal end of the right
auncle. Auricular flutter, occurring as an after-
effect of electrical stimulation of the nght
auncle at a point near the inferior vena cava,
was photographed at 2000 frames per second.
On the films, the wave could be seen clealy
and the time consumed 1n its journey up the
right auricle accurately determined. Generally,
the distance from the inferior vena cava to the
superior vena cava was traversed in nine sec-
onds, cinematographic time (0.072 seconds ac-
tual time). Since the distance of the return
journey in the left awricle from the superior
vena cava to the site of origin at the caudal
end is about the same, and if the wave travels
at a constant rate, 1t then follows that the time
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Figare 103 Tfustration_of the edtensive Teshaped bum
which should obstruct the hypothetical crcus pathways of
the flutter ware through the nght anndle Aconitme was
(Raced neat the base of the aunculss appendh ond flutter

proximately 1 centimeter. When the motion
pretures (tahen at 2000 frames per second) were
exammed at ngh magmfication, no contraction
wave was seen to traverse the seared area, but
flutter continued nnchanged in the undamaged
portions of the auncle.

To further demonstrate that a bum of this
character effectively blocks auncular impulses,
the left auricular appendix in three dogs was
seared 1 a smular manner and auvricular pre-
mature systoles were produced mechameally
m the area ventral to the line of the burn. These
beats were completely blocked and effectively
prevented from spreading to any part of the
auricles beyond the seared area. In contro} ex-
peniments conducted upon the same heart prior
to the bumn, premature systoles generated at
the appendix umformly were propagated to the
rest of the heart,

The “inverted 'T” bum was made on the an-
nicles during a bout of flutter  As seen m Fig-
ure 103, this burn would effectively block all
possible paths of an mmpulse travelling 1n a
circas mosement around erther or Loth venge
cavae In the motion pictures the auricles con-
tmued to flutter and, except for the areas ac-

m

AURICULO-VENTRICULAR
GROOQVE

{NFERIOR
VENA CAVA

SULCUS TERMINALIS

was produced The bum was then mude. As demonstrated

hy the motion pictures the antidle continued to futter after

the bum  Electrocardograms taken bufore and after the
Tiem were identical in pattern

tually bumed, all parts of the auricular cham-
bers appeared to contract simultancously. Elec-
trocardiograms taken before and after the bum
were identical in pattern (Figure 104).

QpseevaTion 5: Frutten rrons A Focus atms,
Tie oF THE RIGUT AUMCULAR APPINDIX

Flutter was produced in five dogs by means
of aconitine applicd to the tip of the right au.
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Figure 104, Electrocardiogram, 1 .
am, lead 2, tahen b
after the amnele was bumed to destroy the l\;pmfct?:g
arons path (llustrated - Figure 103, Note tht. 1l
dlectrocardiogram fs not altered. by the bamn -
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required for the whole journey should be ap-
proximately twice the time interval of 18 sec-
onds cinematographic time (0.144 seconds ac-
tual time). .
Lewis’ experiment on the right auricle was
exactly duplicated in five dogs; the onsct of
the second wave, as seen in the films, was timed
by a stopwatch. In one animal the time of on-
set of the second wave was compatible with
a re-entry of the original impulse if it had
traveled in a circus path at a constant rate. In
four animals the beginning of the second wave
was considerably delayed, and its onset was as
much as four times later than anticipated. In
view of these results, one of two conclusions is
inevitable. Either the onset of the second wave
does not represent a re-entry of the original
wave; or, if it does represent a re-entry, the
rate of motion of the wave through the left
auricle must be four times slower than through
the right. The latter conclusion conflicts with
Lewis’ assumption that the wave traveled
through both auricles at a constant rate.

OpservaTiON 8 THE CoNTRACTION WAVE OF
FLurTer 1N BoTH AURICULAR APPENDICES

In Observation 1 the flutter wave was found
to progress as a broad band involving the en-
tire width of the nght auricle. To determine
whether or not this broad contraction wave
continued in a circular course in the left auricle,
both auncular appendices in four dogs were
photographed simultaneously by placing the
camera at a slightly greater distance from and
directly aver the heart. The ectapic focus was
established in the natural crevice on the cau-
dal attachment of the mterauricular septum de-
seribed above; this site was essentially equidis-
tant from corresponding points on the two au-
ricles {Figure 102)

If auricular flutter mvolved a circus move-
ment, the left auricle should be invaded by the
excitation wave subsequently to, rather than
simultaneously with, the right; the Jeft chamber
should contract an appreciable time after the
nght. According to Lewis” data, if the circus
movement were counter-clockwise, the right

auricular appendix should contract 0.057 to
0.067 second .before the left; if the movement
were clockwise, the reverse would occur. On
the slow-motion picture films in which the au-
ricular movements are slowed 240 times, such a
difference in time of onset of the contractions
would amount to 14 secouds and could be easily
detected. No' time interval between the con-
tractions of the two auricles was seen on the
films Most often, the two appendices con-
tracted simultaneously; rarely, the left or the
right appendix was found to contract a fraction
of a second before its fellow. In the light of the
known rates of conduction *** of auricular mus-
cle in flutter, the minute time differences occa-
sionally recorded is far too small to be consis-
tent with the circus movement theory.

This experiment demonstrates clearly that
the contraction wave in flutter does not pursue
the circus path described by Lewis.

OBSERVATION 4: BLOCKING THE PATH OF THE
Frurrer Wave

If the path of the contraction wave of flutter
were circular, an impassable block in the course
of the path should terminate the circus move-
ment. Blocks jmposed on the hypothetical
circus pathway by Scherf® and Brams and
Katz,® failed to interrupt bouts of flutter. The
followng experiment is analogous to the work
of these investigators.

In experuments in three dogs, the most effec-
tive method for blocking an avricular exeita-
tion wave was found to be a deep burn. A deep,
wide burn was made on the right auricle from
the supenor to the inferior vena cava by care-
fully and repeatedly stroking the area with a
red-hot glass rod until it was seared to a mottled
brown and white color. The line of burn ex-
tended well upon the wall of each cava A sec-
ond burn was made perpendicular to the first
and estended from 1t across the body of the
auricle to the auriculo-ventricular groove (Fig-
are 103). In each experiment the bum ex-
rended through the entire thickness of the au-
ricular wall, from the epicardial to the endo-
cardial surface, the width of the burn was ap-
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Figore 103 Mustration of the edensne

T-shaped bum
whah shonld obstruct the by pothetical circus pathsays of
the Butter wave through the nght auncle  Acomitme was
phetd near the base of the aunicul i appendn and futter

provmately 1 centimeter When the motion
pictures (taken at 2000 frames per second ) were
exammed at Tugh magnification, nio contraction
wave was seen to traverse the seared area, but
flutter continued unchanged in the undamaged
portions of the auncle.

To further demonstrate that a burn of this
character effectively blocks auricular impulses,
the left aurienlar appendic in three dogs was
seared 1n a simlar manner and auncular pre-
mature systoles were produced mechanically
m the area ventral to the line of the bum, These
beats were completely blocked and effectively
prevented from spreading to any part of the
aunicles beyond the scared arca. In contral ex-
penments conducted upon the same heart prior
to the burn, premature systoles generated at
the appendie uniformly were propagated to the
rest of the heart

The “mverted T” burn was made on the au-
neles during a bout of flutter. As seen 1 Fig-
ure 103, this burn would effectively block all
possible paths of an mpulse travellng n a
eircus mosement around esther or both venac
cavae 1n the motion pictures the auricles con-
tinued to flutter and, except for the arcas ac-

AURICULAR FLUTTER 111
AURICULO.VENTRICULAR
GROGVE
INFERIOR
VENA CAVA

SULCUS TERMINALIS

was produced The bum was then made, As de monstrated

by the motion prtarcs Whe auncde contmued to flutter after

the bom  Dlectrocardiograms taken befare and after the
burmn wert wlentieal B pattem

tually hurned, all parts of the auricular cham-
bers app 1 to contract simul usly, Elee-
trocardiograms taken before and after the busn
were identical in pattern {Figure 101},

OusErvaTION 5: Frotren iront A Focus ar i
Tre or Tie TUCHT AURICULAR APEUNDIX

Fhutter was produced in five dogs by means
of aconitine apphied to the tip of the right pu-
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D The aurcle 1s now n complete systole

Figure 105 Auncular flutter produced by applymg aco-
mtme to the nght auncular appendix  Enlarged photo-
graphs d that the wase starts at the

focus at the tip of the nght appendix and travels across the
auncle in a cephalocaudal direction, mvolves the appendix
and body, and ends near the inferior vena cava This dem-

onstrates that a circus movement 15 impossible because the

ectopre focus at the tip of the appendix was obviously far

removed from Lewis’s areus pathway, Furthermore, no

return wave can be seen in the cinematographs gomg m the

opposite direction 1n the appendry, as would hae to be
present to complete the circus pathway.
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ricular appendix (Figure 105). Cinemato-
graphs demonstrated that the contraction
waves started at the site of application and
traveled across the auricle in a cephalocaudal
direction, involving successively the appendix
and body, and ended near the inferior vena
cava. The relaxation waves pursued an iden-
tical course, When the aconitine focus was
cooled or amputated, flutter immediately
ceased.

Observations on the flutter wave initiated at
this particular site proved that a circus move-
ment was impossible for the following reasons:
(1) the ectopic focus on the tip of the appen-
dix obviously was far removed from the pathway
hypothesized by Lewis, yet when the focus was
excised, the arrhythmia abruptly terminated;
hence, no independent circus movement could
exist. Furthermore, the focus could not be lo-
cated in the region of a daughter wave, for in
that case again, abolition of the focus should not
affect a mam circus pathway and therefore
would not terminate the arthythmia. (2) If the
ectopic focus at the tip of the appendix initiated
a circus movement, the wave would have to
return to the focus to complete the circuit and
the appendix should then contract from base
to apex immediately before the onset of the
succeeding systole. No such contraction was
apparent on the films. The wave left the ectopic
focus and, as it traveled in a cephalocaudal di-
rection, involved successively the appendix and
body of the auricle. The contraction wave was
followed by a relaxation wave which pursued
the same course. Each succeeding systole was
mitiated and propagated 1 an identical man-
ner, nothing was seen resembling a wave 1e-
turning from the body through the appendix
to the initiating focus.”

This observation is consistent with Obseiva-
tions 1, 2, 8 and 4: Circus movement, as formu-
lated by Lewis. cannot be the mechanism of
auricular flutter.

© The suggeshon has been made that the cireus path
embraced the natural obstacles m the auncles (1e, the two
aunculo-ventricular rmngs) ~ Obwously, movement of a
wave along such a path 15 incompatible wath the results of

observation 4

OBSERVATION B: COURSE OF THE CONTRACTION
Wave or FLUTTER FrROM A Focus ar ThE
CexTER OF THE RIGHT AURICLE

The preceding five observations furnished
conclusive evidence refuting the circus move-
ment theory. The exact nature of the flutter
wave, however, was not yet clearly demon-
strated. For this purpose, flutter was produced
from an ectopic focus in the center of the right
auricle. The resulting wave could be recorded
cnematographically from the moment of its
inception until it reached its ultimate destina-
tion.

A focus in the center of the 1ight auricle was
created by application of the aconitine mixed
with India ink and the presence of flutter con-
firmed by electrocardiograms. Motion pictures
of the auricle were taken at 2000 frames per
second. The contraction wave initiated at the
aconitine focus and radiated from it in all di-
rections simultaneously (Figure 106). Diastole
started at the aconitine focus and followed the
same course as systole. These results were uni-
form in 10 consecutive experiments. Identical
observations were made in similar experiments
in which flutter was produced by post-electrical
stimulation.

The results of this experiment are of funda-
mental significance; for the first time a flutter
wave was actually visualized throughout its en-
tire course. The wave anses from an ectopic
focus and spreads in all directions simultane-
ously; it does not follow the unidirectional
course hypothesized in the circus movement

theory.

DISCUSSION

Tt has been clearly demonstrated by the
cmematographic observations herein set forth,
that auricular flutter consists of rapidly repeat-
ing contraction waves ansing from an ectopic
focus from which the waves spread through
the auricles in all directions simultaneously.
There is no circus movement,

The validity of the circus movement theory
frst came mto questton when 1t became appar-
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ent on the Bims that the contraction wave in
futter did not pursue 2 NANOW band, d‘d.nnt
emit danghter waves, and. did not mfvel n o
cirewlar path, Further cinematographic obsc‘r-
vations revealed that the contraction wave in
flutter origmated in a single ectopic focus f“"d
spread through both awricles in all directions
smultaneously. It has been pointed out that
Lewis data were incomplete; he himself recog-
nized the importance of the gap in his determi-
pations which resulted from his inability to
trace the course of the excitation wave over the
Dody of the left auncle,

In an attempt to reconcile our observations
with Lewis datz, we were able to confirm
cmematographicslly hus finding (Figure 97)
that the contraction wave of flutter arising in
the region of the infenior vema cava spreads
cephalad 1 the nght auricle, It is his assump-
tion that the wasve turns and continues m a
unudirectional course through the body of the
1eft auricle back to the point of stimulation that
we found tified. From our graph-
wally recorded experiments, we are forced to
conclude that the flutter wave spreads through-
out both auricles simultanepusly. Since the
body of the left auncle is immobile, however,
the cinematographs do not reveal the course of
the contraction wave in this area. In order to
complete our evidence on the course of the
futtes impulse, 1t became necessary to evplore
the hody of the left auticle electrocardiograph-
ically. The results of this mvestigation are re-
ported in the following chapter.

It 15 mteresting to note that MacWilham, s
the first to ntroduce the term “Dutter” s ‘[ar
back as 1867 suggested that the disturbance was
due to rapid, repetitive, impulses from an ec-
tople focus. More than 60 years later, our ob-
servations confirm s theary

N AURICULAR FLUTTER

© SUMMARY AND CONCLUSION

’fhe evidence for and against Lewis” circ}ls
movement theory of the meghanism of auric-
wlae flutter has been re-cxamined, Because of
incomplete exposure, the body of the Teft a}u'icl.c
has not heretofore been studied; Leswis™ evi-
dence was, therefore, incomplete.

In the present study, both the left and right
auricles were completely exposed in 40 dogs.
Auricular flutter was produced experimentaily
by post-electrical stimulation or, in most in-
stances, by aconitine. Cinematographically, the
wave was seen to move as a broad band; vo
evidence of a4 narrow “mothes” path or of
“daughter” waves was discovered. When the
ectopic focus was established in the region of
the caudal attachment of the § icular sep-
tum, the auricles appeared to heat simultane-
ausly; this phenomenon is incompatible with
circus movement. After flutter was established,
Ylocking the hypothetical eirens pathway by
means of a burn did not interrupt the arthyth.
mia. From an ectopic focus established at the
tip of the right auricular appendi, the impalse
spread in a cephalocaudal direction, involving
successively the appendix and body. Each sue-
cessive systole started in the same manuer; no
Tetuming “re-entry” wave was seen, When an
ectopic focus was established at the center of
the nght auricle, the onset and entire coprse
O.P the Rutter wave was visualized, the contrac.
tions and succeeding relaxations were observed

to spread away from the focus in a centrifugal
manuer,

From these cinematographic  observations
the conclusion is inevitable that Rutter results
from rapidly recurrinig impulses which spread
out in all available directions simultaneously

from 2 sing) i
e ectopic focus. There is i
. no ¢
moverent. e
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ricular appendix (Figure 105). Cinemato-
graphs demonstrated that the contraction
waves started at the site of application and
traveled across the auricle in a cephalocaudal
direction, involving successively the appendix
and body, and ended near the inferior vena
cava. The relaxation waves pursued an iden-
tical course. When the aconitine focus was
cooled or amputated, flutter immediately
ceased.

Observations on the flutter wave initiated at
this particular site proved that a circus move-
ment was impossible for the following reasons:
(1) the ectopic focus on the tip of the appen-
dix obviously was far removed from the pathway
hypothesized by Lewis, yet when the focus was
excised, the arrhythmia abruptly terminated;
hence, no independent circus movement could
exist. Furthermore, the focus could not be lo-
cated in the region of a daughter wave, for in
that case again, abolition of the focus should not
affect a main circus pathway and therefore
would not terminate the arrhythmia. (2) If the
ectopic focus at the tip of the appendix initiated
a circus movement, the wave would have to
return to the focus to complete the ciremt and
the appendix should then contract from base
to apex immediately before the onset of the
sticceeding systole. No such contraction was
apparent on the films. The wave left the ectopic
focus and, as it traveled in a cephalocaudal di-
rection, involved successively the appendix and
body of the auricle. The contraction wave was
followed by a relaxation wave which pursued
the same course. Each succeeding systole was
initiated and propagated in an identical man-
ner; nothing was seen resembling a wave re-
turning from the body through the appendix
to the imtiating focus.”

This observation is consistent with Observa-
tions 1, 2, 3 and 4: Circus movement, as formu-
lated by Lewis, cannot be the mechamsm of
auricular flutter.

% The suggestion has been made that the crrcus path
embraced the natural obstacles in the auncles (1€, the two
aunculoventnicular mngs),  Obviously, mosement of a
wave along such a path 15 mcompatible with the results of

obserration 4.

OnservarioN 6: Course oF THE CONTRACTION
Wave or FLuTter Froa A Focus At ToE
CENTER 0F THE Rigur AURICLE

The preceding five observations furnished
conclusive evidence refuting the circus move-
ment theory. The exact nature of the flutter
wave, however, was not yet clearly demon-
strated. For this purpose, flutter was produced
from an ectopic focus in the center of the right
auricle. The resulting wave could be recorded
cinematographically from the moment of its
inception until it reached its ultimate destina-
tion.

A focus in the center of the right auricle was
created by application of the aconitine mised
with India ink and the presence of fiutter con-
firmed by electrocardiograms. Motion pictures
of the auricle were taken at 2000 frames per
second. The contraction wave initiated at the
aconitine focus and radiated from it in all di-
rections simultaneously (Figure 106). Diastole
started at the aconitine focus and followed the
same course as systole. These results were uni-
form in 10 consecutive experiments. Identical
observations were made in similar experiments
in which flutter was produced by post-electrical
stimulation.

The results of this experiment are of funda-
mental significance; for the first time a flutter
wave was actually visnalized throughout its en-
tire course. The wave arises from an ectopic
focus and spreads in all directions simultane-
ously, it does not follow the unidirectional
course hypothesized in the circus movement
theory.

DISCUSSION

It has been clearly demonstrated by the
ciematographic observations herein set forth,
that auricular flutter consists of rapidly repeat-
ing contraction waves arising from an ectopic
focus from which the waves spread through
the auricles m all directions simultaneously.
There 1s no circus movement.

The validity of the circus movement theory
first came 1nto question when 1t became appar-
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ent on the flms that the contraction \v:}\'e in
flutter did not pursue a NAOW band, dld.not
emit daughter waves, and did not {m.vel in a
circular path, Further cinematographic obse.r—
vations revealed that the contraction wave in
flutter originated in u single ectopic fo‘cus .and
spread through both auricles in all directions
simultaneously. It has been pointed out that
Lewis’ data were incomplete, he himself recog-
nized the importance of the gap in his determt-
nations which, resulted from his inability to
trace the course of the exaitation wave over the
body of the left auricle.

In an attempt to yeconcile our observations
with Lewis data, we were able to confirm
cinematographically s finding (Figure 97)
that the contraction wave of flutter arising in
the region of the inferior vena cava spreads
cephalad in the right auricle. It is his assump-
tion that the wave turns and continues in a
unidirectional course through the body of the
left auricle back to the pomt of shmulation that
we found unjustified. From our cinematograph-
ically recorded experiments, we are forced to
conclude that the flutter wave spreads through-
out both auricles simultaneously. Since the
body of the left auricle 1s immobile, however,
the cirematographs do not reveal the course of
the contraction wave 1 this area. In order to
complete our evidence on the course of the
flutter impulse, 1t became necessary to explore
the body of the left auricle elect di )}
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~  SUMMARY AND CONCLUSION

The evidence for and against Lewis™ eitcus
movement theary of the mechanism of auric-
ular flutter has been re-examined. Becanse of
incomplete cxposure, the body of the left a:lriclc
has not heretofore been studied; Lewis™ evi-
dence was, thercfore, incomplete.

In the present study, both the left and right
auricles were completely exposed in 40 dogs.
Auricular flutter was produced experimentally
by post-electrical stimulation or, in most in-
stances, by aconitine. Cinematographically, the
wave was seen to move as a broad band; no
evidence of a marrow “mother” path or of
“daughter” waves was discovered. When the
ectopic focus was established in the region of
the candal attachment of the interauricular sep-
tum, the auricles appeared to beat simultane-
ously; this phenomenon is incompatible with
cirens movement. After flutter was established,
blocking the hypothetical circus pathway by
means of a bun did not interrupt the arrhyth-
mia. From an ectopic focus established at the
tip of the right auricnlar appendir, the impulse
spread in a cephalocaudal direction, involving
successively the appendix and body, Each suc-
cessive systole started in the same manner; no
returning “re-entry” wave was seen. When an
ectopic focus was established at the center of
the right auricle, the onset and entire course
of the flutter wave was visualized; the contrac-

ically. The results of this iuvestigation are Lre-
ported 1n the following chapter.

1t is interesting to note that MacWilliam, 2
the first to introduce the term “futter,” as i’ar
back as 1887 suggested that the disturbance was
due to rapid, repetitive, impulses from an ec.
topic focus, More than 60 years later, our ob.
servations confirm his theory, *

tions and ling relaxations were observed
to spread away from the focus in a centrifugal
manner,

From these cinematographic observations,
the conclusion is inevitable that futter resuh;
from rapidly recurring impulses which spread
out in all available directions simultaneousty

from a single ectopi
opic focus. There is no ci
3 cir
movement.~ o



CHAPTER VI

Electrocardiographic Studies of Auricular Flutter

Prion to our cinematographic studies of auricu-
lar flutter, all experimental work on this ar-
thythmia and all inferences concerning its
mechanism were based on electrocardiographic,
sphygmographic, polygraphic and kymographic
investigation. In order to correlate the cine-
matographic observations with previous re-
search in this field, Lewis® original experiments
were duplicated and extended in our labora-
tory. In addition, electrocardiagraphic studies
were made on the body of the left auricle and
the interauricular septum, regions heretofore
unexplored. Each type of experiment was re-
peated five to eight times, with uniform results.

In the present study, the course of the ex-
citation wave of auricular flutter was traced
through the right and left auricles and the
interauricular septum. Paired electrodes were
placed at strategic sites on the auricles; simul-
taneous tracings from these electrodes were
recorded by a direct-writing multiple-chan-
nel electrocardiograph (Appendix). Determina-
tions of the course and speed of the flutter exc1-
tation wave were based on two fundamental
principles of electrocardiography: (1) Since
the intninsic deflection 1n a tracing is recorded
as the impulse passes beneath the electrode, the
differences in time of arrival of the flutter im-
pulse at the simultaneously recording electrodes
could be caleulated (2) The shape of the auri-
cwlar deflections varies with the direction of
the impulse in relation to the electrodes, hence,
changes in configuration of the waves in the
tracings revealed the direction of the fiutter im-
pulse at different sites on the auricles,

Lewis’ circus movement theory was based

upon observations of electrically induced flut-
ter in the dog; he and his associates attempted
to trace the course of the flutter excitation wave
by means of paired electrodes placed on various
parts of the right auricular body and the right
and left auricular appendices. As shown in
Figure 97, the values obtained in the right au-
ricle by Lewis indicate that the flutter wave
traveled from right to left, from 0.0000 to
0.0800 second across the length of the right
auricular wall. That the wave actually followed
this path through the right auncle is unques-
tioned; the clectrocardiographic determinations
were duplicated in this laboratory and con-
firmed by cinematographic observation. The
supposition that the impulse turns sharply
around the superior vena cava and descends
through the left auricle to (point 0.0800), as
postulated by Lewss, is not proved by this
dat‘,"ﬂﬁl, 3835

TIMING THE INTRINSIC DEFLECTIONS
IN DIRECT AURICULAR LEAD
ELECTROCARDIOGRAMS OF
AURICULAR FLUTTER

Osservation 1. Course oF THE FLUTTER
ExcrratioN Wave IN THE
Ricur AuricLE

This experiment was designed to trace elec-
trocardiographically the course of the excita-
tion wave of auricular flutter and to venfy the
cinematographic observation that a flutter wave
originating at an aconitine focus in the center
of the auricle does not follow a unidirectional
path but spreads in all directions simultane-
ously (Chapter V, Observation 6),

[118]



ELECTROCARDIOGRAPHIC STUDIES OF FLUTTER

117

PI P' P‘ Pl Pl P'
B -\H.r\fr-n“f“hf
i

e p PR
ave REERERE
I SEGONDS 2

An acamitine focus {F) was produced in the
center of the right auricle (Figure 107), Elec.
trodes A and B were placed approximately 2
centimeters from the facus, gne cephalad and
the other caudad Auncular flutter yag then
produced m nme dogs an

d electrocardiograms
recorded simuhaneous!y from each electrode,

the im-
directions
pursued 5

eached one

A earher than B

pulse must have trat,

Simultancously 1¢ the impulse had
unidirectional COUrse, it would hay o T
electrode before the other —

eled in by,

if the course were counterm]ocb\ise,. B carlier
than A if the movement were clockwise. Idc‘n-
tical results were obtained when ﬂ\mcr‘\\a(;
produced by electrical stimufation and persiste
as a post-stimulatory effect for a period suff-
cient to permit study.

This experiment demonstrates that the course
of the flutter excrtation wave from the center of
the right auricle is consistent with the course
of the corresponding contraction wave scen in
cinematographic studies, Rapidly recurring im-
pulses starting from an ectopic focus in the
center of the right auricle do not spread along
2 unidirectional pathway but, as shown by this
experimient, spread opposite directions,

Osservation 2: Counst oF e Frurren
Excrranon Wave v Bom AUnicLEs

Because the body of the left auricle is essen-
tally immobile, no direct information concern.
ing the course of the flutter contraction wave
w that structure could be derived from the
cinematographs, On the basis of clectrocardio-
graphic Observatian 1 of this Chapter and cine-
matagraphic Observation 8 {Chapter V), both
of which demonstrate tha
away from its site of origin
direction sim\ﬂlaneous]y, it would he expected
that when Lewis' experiment was duplicated,
the course of the futter wave through the Lody
of the left auricle wight be in a disection oppo-
site to that postulated by him. In the following
experiments the course of the futter excitation
wave was traced through both auricles in 15

ogs.

Simultaneoys Ac
Avricalar flugter W

the wave spreads
in more than one

(Figure 108). Electrocard;
:ec:;rded s ; ; sly from the gy,
Todes reveal that the Butter impulse reached
Points A and B ¢ the same instant {Figure
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[POSTERIOR SURFACE
ILEFT AND RIGHT
VENTRICLE

ELECTRODE |
N

! BODY OF RIGHT
¢ AURICLE

) INFERIOR VENA CAVA

Figure 108, Photograph of the heart elevated so that the
apex 1s cephalad to demonstrate the relationship of the pos-
tenor surface of the heart, site of aconitine application and
placement of electrodes,

109). Apparently the impulse, after leaving the
aconitine focus, spread over both auricles simul-
taneously; had the flutter wave traveled in a uni-
directional circular path, a considerable period
of time would have elapsed between activation
of the two auricles. These electrocardiographic
findings are analogous to the cinematographic
observation that the right and left auricular
appendages contract simultaneously during flut-
ter (Chapter V).

Direction of the Flutter Wave in Each Au-
ricle: Flutter was produced from an aconitine
focus between the two auricles at the same
site as in experiment 2A (Figure 108). Paired
unipolar electrodes were placed on the body
of each auricle; simultaneous electrocardio-

) s
ACONITINE FOCUS

'ﬂ'ﬁ
3%

BODY OF LEFT
AURICLE

s

2 s
PULMONARY VEIN

Acomtine was apphed to the natural crevice formed
by the inferior vena cava and a branch of the pulmonary
verr In this experiment {(obsenvation 2) electrodes were
placed on each aurncle equidistant from the acomtine focus

grams were taken from each pair of electrodes
successively. (In each instance A refers to the
electrode nearest the focus, and B to the elec-
trode farthest from the focus.) Figures 110
and 111 show that in both auricles the intrmsic
deflections from electrode A were recorded be-
tween 0.03 and 0.04 second before the corre-
sponding deflections from electrode B, indicat-
ing that the flutter impulse rcached pomt A
before point B in each instance. It was thus
demonstrated that the flutter impulse traveled
from the acomtine focus across both auricles
in approximately the same direction simultane-
ously.

For the first time the body of the left aunicle
has been explored electrocardiographically, and
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Figure 109 Electrocardiograms of futter established by
placing aconttine at the pauda} attachment of the inter.
auncular septum  Electrode 4 15 on the nght auncle 8 cm
from the focus, electrode B s on the left
focus The onset of the mtrmsic def

Vecause the mpulse would haye to tratel fisst up ome
aurcle and then down the othey,

the course of the flutter wav,
auricles has been charted. The
rarently spreads from the fo
different directrions simultane,
putsue a circys pathicay

e through both
flutter waee ap-
cus of origin in
ously. o does not

OBservation 3, THE INteravmicuLAR
SEPTUM 1% Fruryen

The concept of circus

and to continue to arculate in one direction
only, it would be necessary for the p:\\!\ to be
swrrounded by Tefractory tissue on all its bor-
ders except in 1ts forward direction. The path-
way postulated by Lewis would cross the sep-
tum twice during each circuit, once near the
superior vena cava and again just caudad to the
inferior vena cava, For the circus movement
to edst, the septum also would have to be re-
fractory. Otherwise, as the excitation wave
passed over the septum it would be transmitted
through this structure to adjacent parts of the
auricle, the impulse would be short-circuited,
and the arrthythmia would terminate. These
considerations render circus mosement impos-
sible unless one makes the highly improhable
assumption that the hypothetical cirens path
is surrounded on alj sides, including the sep-
tum, by refractive tissue which cffcetively in-
sulates the path and prevents the impulse from
spreading to any other partion of the auricles,*

As demonstrated in Chapter 1, the inter-
auricular septum and the two auricles have
direct muscular and endocardial continuity;
they may therefore be expected to react as g
unit in response to effective stimuli. 1t aka was
demonstrated that during sinus rhythm the sep-
thm contracts and conducts electrical impulses
in the same manner as do other portions of the
auricles. In order to determine whether or not

Canductivity
in Flutter; A

The tip of the electr
nst the interautieyly,
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1 ode was th
directed agai o

held in plac

ng the experi-
the right aurje.
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X ghter waye” stull
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Frgure 110 Electrocardiograms of flutter estab- from the focus, B 1s approumately 4 em from the
hshcd by plncmg acomtine {focus) at the caudal  focus The onset af the intanac deflection from A
f the dar septum Doth s about 063 second ahead of that from B There-

electrodes are on the nght auncle, A 15 1 em fore, the wmpulse must travel from A to B.




121
TER
ELECTROCARDIOGRAFPHIC STUDIES OF FLUT

| LEFT, AURIGLE |

— FPJI:._’PF'BI

A LOM.
* FROM Focus -

AL
P . .
, P ! P P' N
B..40M. 1y o€, R B pp P!AP'-
FROM Focus_._v,' A _\I '~ "_' A __'_’_".&IN wind e Mka

5 e s e
Sl i o el fo g oy ’
e B e o e T 300t e o e
o 1 SECONDS
———— .
- —— -
e \
e \
o \
d \
4 Y
H \
% \
\ \
S
M, \
&)

A
same expenment as 1
clectrodes are now

A s 1 em from the
Mately 4 ¢m from the

Figure (11 The
except that hoth
suncle  Eloctrod,
r5de B s approw

Figure 110, onset of the nf
on the loft Therefore, the mpulse
{ocus, elec- ust travel from A to B. I ther

focus ‘The

trnsic deflo
second befare that from

ction from A 5 about 004
B
€ $ere a Cireus moyp.

et ot would hage tg g from B tp A



193

r P RTR BT PR
EELEGTRODE ON AL T
SEPTUM IN sl

RT. AURICLE
|

[

Hd-je-b

AVF PN

i 7

- : TN
: -

| SECONDS i T2

Figure 112. Simultancous electrocardiograms from a dog

with 2:1 auncular flutter, one record (above) is from an

electrade on the septum and the other 1s lead AVF (below).

The septum is obviously activated during flutter and the

P’ waves are of simiar configuration to those found on the
walls of the right and left aunicles

ular wall revealed that the tip of the electrode
was against the septum. At the termmmation
of the experiment, the auricle was opened and
the electrode was again found in contact with
the septal musculature, Continuous electro-
cardiograms recorded from the intra-auricular
electrode presented the appearance character-
istic of auricular flutter (Figure 112) The con-
tour of the auricular complexes coincided in
every way with those recorded in direct leads
from the surface of the auricle.

Thus, m auricular flutter, as in normal smus
thythm, the interauricular septum conducts the
cardiac impulse m the same manner as does
any other part of the auricle. This observation
is contradictory to the circus movement theory
since the septum would necessarily short-circuit
the impulse ta other parts of the auricles On
the other hand, the observation is compatible
with the authors” concept that the flutter ym-
pulse originates in an ectopic focus and spreads
outward from the focus to invade all portions
of the auricles.

Course of the Flutter Impulse in the Inter-
anricular Septum: Flutter was produced by
aconitine placed in the crevice at the caudal
attachment of the inter-auricular septum in four
dogs. A non-polarizable electrode was mtro-
dueed into the right auricle through an m-

THE AURICULAR ARRHYTHMIAS

cision in the right auricular appendis, as de-
seribed above, and placed in contact with the
septum just ventral and cephalad to the ti-
cuspid valve in an area near the aconitine focus;
electrocardiograms were recorded from this
electrode. During the same episode of flutter,
the electrode was moved approximately § centi-
meters cephalad on the septum and additional
records were made. The time of arrival of the
impulse at these two points was determined
with a simultaneously recorded lead AVF.

The intrinsic deflections recorded from point
A near the aconitine focus were inscribed before
those from point B which was more distant
from the focus (Figure 113). Hence, the course
of the impulse in the septum was the same as
that observed in other parts of the auricles; the
impulse originated in the ectopic focus and
spread away from the focus.

SHAPE OF THE AURICULAR
DEFLECTIONS IN DIRECT LEAD
ELECTROCARDIOGRAMS OF
AURICULAR FLUTTER

As noted 1 Chapter I, the shapes of the de-
flections recorded from direct auricular leads
are of fundamental impoitance to the study of
the excitation wave of normal sinus rhythm.
These relationships apply also in auricular flut-
ter. An electrode placed at or near the site of
origin of an auricular impulse will register pri-
manly a negative wave of depolarization. As
the electrode is moved away from the focus, an
imitially positive wave appears, followed by a
negative deflection. As the distance from the
site of origmn of the impulse increases, the posi-
tive deflection progressively grows larger in
amplitude and duration while the negative de-
flection eventually disappears. When the direc-
tion of the impulse is toward the electrode, a
positive deflection 1s recorded, if the direction
is away from the electrode, the deflection is
negatwe.

1f there were a pure, self-perpetuating circus
movement traveling in an identical manner in
all parts of a circus pathway, all the deflections
on the main pathway would have the same
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Figure 113 Duect auncular Jead electrocardiograms of
Butter from a focus established at the caudal attachment
of the interauncular septum, recorded simultanecusly with
lead AVF as 2 reference lead Two electrodes are on the
septum, A s clover to the focus than is B It 1s seen that
the intnnsic deflection sas recorded first from electrode A
and then frum electtode B Therefore, the mmpulse must
have traveled through the septum 1 a eaudocephalic di-
rection from the focus

confignration sinee such a pathway would be
without beginning or end. It can be stated,
however, that this s not the case It was re.
peatedly observed in Autter that the configur-
ations of the deflections from direct electrodes
varied with their distance from the focus, Sim-

N et
Figure 114, Electrocardiograms of flutter from an aco-
wne forvs establshed at the caudal attachment of the

rctode A 33 clase to the focus

megative wave, The record from B shows a large posune

wave preceding the negatne defloction The mtrinme de-

flection from A 15 recorded ot 0.02 second carlier than

from B Therefore, fram both the conBgurations of the

waves and the onsct of the mtnaste deficctions, the wmnpulve
must have traveled from A to B,
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itiated by aconitine placed at the junction of
the inferior vena cava and the pulmonary vein,
One electrode {A) was placed adjacent to the
focus on the body of the right auricle and an-
other (B) distant from the focus on the right
auricular appendix. As illustrated in Figure
114, the deflection registered at electrode A was
mainly negative while that at clectrode B ex-
hibited a large positive component.

The above findings indicate that the jmpulse
at electrode B was a considerable distance from
its origin. While this disproves the presence of
a self-perpetuating impulse, it does not rule
out the possibility of a circus movement which
arises anew from the same focus with each
cycle. In such an instance the distance between
the impulse and the focus would gradually in-
crease as the circuit neared completion and the
anricalar deflections would grow progressively
more positive as the site of orign was ap-
proached on the return journey. When experi-
ment 4 was repeated with paired direct elee-
trodes placed in the body of the left auricle, the
aurjcular deflections were predominately nega-
tive in the tracing from the electrode nearest the
focus, This result indicated that, as in the nght
auricle, the course of the impulse over the body
of the left auncle was away from the focus. It
was thus demonstrated that the flutter impulse
onginated at the ectopic focns and spread
outward from the focus across both auricles in
different directions simultaneously.

Figure 113 shows that the same variations 1n
the shape of the auricular deflections with ref-
erence to the distance from the focus oceur
when the recording electrades are placed on
the interauricular septum. When the electrodes
are equichstant from the focus on any part of
the auricle, the configuration of the auricular de-
flections recorded from each is similar (Figures
107 and 108).

Focus on Tip of Right Auricular Appendix:
Auricular flutter was produced by applymg
aconitine to the tip of the right auricular ap-
pendix, One electrode was pliced on the right
auricular appendix adjacent to the focus, and
another at a distant point on the body of the

" Al ot m
CLOSE TO ‘il mmi Mm
Focus rl L ,'= Iy

B
DISTANT ]
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» ’
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Figare 115, Electrocardograms of avricular Rutter estab-
hshed by placing aconttme on the tip of the nght aurcular
appendic  As 1 Figure 114 the deflecuon from electrode
A (nearer the focus than B) 1s essentially a negatine de-
flection, The deflection fromu B is essentully a positne
deflection. The tme of onsct of the intrinsic deflection m
A 15 803 scoand cacher than w B. Thercfore, the impulse
must onginate n the appeadin and trasel m a cephato-
caudal direction

aunicle. Figure 115 shows that the deflection
from electrode A was primaily negative, while
that from clectrode B was mamly positive, indi-
catug agan that the mpulse spread away from
the focus.

SUMMARY AND CONCLUSIONS

The cinematographic observations of aurie-
nlar flutter described in the previous chapter
have been correlated with electrocardiographic
investigations in which the course of the ex-
citation wave was traced by means of diect
auricular leads. Two methods of study were
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used: {1} determination of the rel.ati\'e times
of amval of the impulse at strategic areas on
various parts of the auricles, including the inter-
auricular septum and the body of the left au-
ticle, regions heretofore wmexplored; and {2)
observation of the variations in the shape of the
auricular defiections in relation to the distance
of the recording electrodes from the focus.
{1) Whether an aconitine focus was estab-
lished on the nght auncle, an the left auncle,
or hetween the two auricles on the caudal bor-
der of the interauricular septum, simultaneousty
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ular tachyeardia and auricular flutter. The )'m’i-
ations are the same in the right and left mu:xcics,
in the two appendices and in the intomu.ncnlar
septum  If the basic clectrocardiographic con-
cept concerning the propagation of the cmd\.:\c
impulse is correct, in each of these archythmias
the impulse radintes outward from the foeus
tn all available directions. The flutter wave does
not pursue the unidirectional course hypothe-
sized hy Lewis.

Because the body of the left auricle is iro-
mobile upon cinematographic observations and
h

recorded direct fead electrocardiogs re-
vealed that the flutter impulse reached elec-
trodes equidistant from the focus at the same
time; when the electrodes were placed at un-
erual distances from the focus, the impulse
amved at the more distant electrodes Tater than
at the less dustant electredes {2} In auricular
flutter from an aconitine focus between the two
auncles on the caudal attachment of the inter-
aurfcular septum, auricular deflections were de-
sived from electrodes placed at varying dus-
tances from the focus, the shapes of these de-
Rections were studied in relotion 1o their dis-
tance from the focus Whether the electrodes
were placed on the nght auricle, the left auricle
or the mterauricular septum, conustently the
auricular complexes from electrodes near the
focus were predomunantly negative, as the dis-
tance between the electrode and the focus in-
ereased, the complexes became more positive
Bath methods demonstrated that the course of
the flutter exetation wave was 1dentical in the
right auncle, m the left auncle and in the inter-
auncular septum, it traveled outward from the
focus at the same speed in all directions sunul-
taneously
Thus the cowrse of the excitation wave of
aureutar flutter is dentical with the course of
the corresponding, contraction wave as demon-
strated cinematographcally (Chapter V),
The relationshup of both the timung and the
conﬁg'nrations of the auncular deflections to
the distances of the recording electrodes from
the focus 1s identical in normal sinus thythm,
premature annenlar systale, paroxysmal aurse-

fore has not been subjected to direct
electrocardiographic study, the entire course of
the Butter wave through both auricles has never
been demonstrated. Lewis himself admitted
that the evidence supporting Ins cireus move-
ment theory was inconclusive because the par-
tion of the circus pathway lying within the
body of the left ausicle was merely inferred.
In the present study, the experiment from
which Leswis derived his theory was duplicated
while electrocardiograms were recorded from
electrodes placed on the exposed body of the
left auricle. The excitation wave of auricular
flutter was thus shown to travel through the left
auncle in a disection opposite that of the hypo-
thetical cirens movement,

It was d rated that the it
septum is icall

feular
y and physialogically an
integral part of the auricles, and that it con-
ducts the flutter impalse in exactly the same
mannet as ather portions of the auricles. Be-
cause of this unity of structure and function
fhe septum would teansmit any impudse arn'v:
Ing along it borders, This is mconsistent with
the existence of an unidireetional cirens move.
ment, since the impulse would be short-circuited
whenever 1t crossed the interauricular septum,

On the bawus of the exXperimental observah'on;
Teported in this and the preceding chapter, two
conclusions are inevitable: ’
mL »Auri‘cuhr futter consists of rapidly recur-

4 unp: j,e,s,;;?m«‘s'&'g'm ::n ec‘tapic f'ocuys and

ously, The cireus movem )
ent th
by Lewis is invalid, “

8

ry advanced
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with two electrodes. The awncular compleves from
the clectrode on the endocardial surface of the
auncle are the same as the auncular complexes from

9. The contrachion and excitation waves of
auricular flutter are identical in course to each
other and to the corresponding waves of auric-
ular premature systoles and auricular parox-
ysmal tachyeardia.

COLLATERAL OBSERVATIONS

AuricULAR INTRINSIC DEFLECTIONS FROM
EricarpiaL anp ENnpocarpran
SURFACES

It has been maintained that the deflections
derived from the endocardial snrface of the
auricles differ from those obtained from the cor-
responding epicardial surface. In this respect,
the electrocardiographic response of the au-
ricules was thought to be analogous to that of
the ventricles. During the course of our experi-
mental studies, many electrocardiograms were
recorded from pared electiodes placed on ex-
actly corresponding endocardial and epicardial
surfaces of the auricles. Regardless of the part
of the auricles studied, the configurations of the
deflections 1ccorded simultaneously from cor-
responding epicardial and endocardial surfaces
always resembled each other and in many wm-
stances were identical (Figure 116). This was

true during sinus rhythm, auricular premature

The sinulanty of the endocardial and pencardhal com-

pleves of the auncles 1s found 1n all parts of the

auncles providing the pawed electrodes are exactly
opposite each other

systoles, awicular paroxysmal tachycardia, and
auricular flutter.

Although the auricular wall in the dog ad-
mittedly is thin, it still possesses measurable
anatomic thickness. The above observations,
lhowever, seem to indicate that this thickness is
electrocardiographically insignificant and the
auricular wall reacts as a surface area only (two
dimensional ). The ventricular wall, bemg much
thicker, responds m the manner expected of a
three dimensional structure

VARIATION IN MECHANICAL RESPONSE
PRINCIPLE OF DISSOCIATION

Cinematograplucally, in normal smus rhythm
and in slower-rate tachycardias produced by
electrical, chemucal or mechanical sttmulation,
the mechanical response of the auricular muscle
1s the same dunng every beat; each systole and
each diastole appears identical with 1ts prede-
cessor. As the aurcular rate approaches 300
beats per minute, distinet variations m the au-
ricular contractions become apparent Al
though regular in rhythm, the contractions be-
come irregular in force, some are strong, others
are weak, some are almost mvisible. This phe-
nomenon was repeatedly observed in a large
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number of experiments, of which the following
15 illustratne.

Tachycardia was produced in a dog by elee-
trical stimulation at a rate of 220 impulses per
minute When observed cmematographically,
all puricular contractions were evenly spaced
and completely regular m force, each systole
was iffentical with the others, and cach was
followed by a ventricular response. When the
rate of stimulation was increased to 280 ira-
pulses per minute, the auricular contractions
became nregular in force; the thythm, however,
sway still regular, and a ventricufar response fol-
lowed each anncular contraction When the
auricles were driven at rates over 300 impul

more rapid, these changes are corrcsponding\?'
more pronounced  As in tachycardia, the vari-
ations in mechanical activity are not accompan-
jed by similar variations in the aurienlar deflec-
tions in the electrocardiogram.

Beeause of the frequency of mechanieal con-
tractions when the auricle is driven at a rapid
ate, it usually is impossible to distinguish be-
tween the high-rate arthythmias with the un-
aided eye: they all resemble “fbrillation. The
differentiation is further complicated by the
“Jouble contraction” phenomenon which may
oceur either during normat sinus shythm or dur-
ing arthythmias (Chapter I). On occasion,

have at { to diag high-

per mumute, some of the stmuli failed to evoke
a perceptible mechanical response.

In such experiments, simultaneous electro-
cardiograms demonstrated that the weak or in-
distinct aurnicnlar contractions, and even those
which were completely mwisible on the motion
picture films, inscribed depolarization waves of
the same shape and voltage as those associated
with the strongest beats This manifestation of
the principle of dissooation — electnical actay-
ity in the absence of app h 1 ac-
favity — has been observed in our Jaboratory in
many expeniments {m excess of 23). The rea-
sons for such lack of correlation between me-
chaneal muscular contractions and simultane-
ous electrical activity 1s not known.

As might be expected, the contrachon wayes
of awrcutar flutter display vasiations in force
similar to those abserved m auncular parox-
ysmial tachycardia, because the rate of flutter 15

sate arthythmias in humans by observing the
expased heart daring surgical operationst®*
Lewis ¥ thought he could recognize specific
arthythmias in the cxposed heart of the horse
without the aid of electrocardiograms. The fore-
going discussion suggests that great cantion
must be evercised in making such dugnoses.
Clinicians have long known that the auricular
sounds in flutter are variable; electrocardio-
grams tecorded during these phonetic varia-
trons are unchanged (Figuses 95 and 96, Chap-
ter V.)** Phonocardiograms made duting regu-
lar smus shythm with complete auricylo-ven-
trientar dissociation do not show variations in
sound waves. This chinical evidence suggests
that changes in mechanical Tesponse without
;fltemtions in the electrocardiogram occur dur-
ing the high-rate auricular arthythmias in man
as well as in experimental animals.



CHAPTER VII

An Electrocardiographic Analysis of the Structure of the Auricular
Deflections of Auricular Flutter and Tachycardia

Intensive study has shown that the ventricular
complex consists essentially of waves of de-
polarization and repolarization. The auricular
complex, unlike the ventricular deflection, has
received little attention from electrocardiog-
raphers and the nature of its component parts
is not as well understood. This is especially true
in tachycardia and flutter, where the basic phe-
nomena of auricular depolarization and repolari-
zation have been completely ignored.

Auricular flutter is usually characterized by
a specific undulating wave (continuous undula-
tion of the base line) gencrally believed to
represent transmission of the excitation wave 1n
a circus pathway around the venae cavae. This
configuration, considered specific for the ar-
rhythmia, is held to be unrelated to any other
type of auricular complex. The saw-tooth un-
dulations of flutter are designated as “F” waves,
implying that the flutter waves are produced by
a mechanism different from that of the P waves
of sinus rhythm and the P’ waves of auricular
premature systoles and auricular paroxysmal
tachycardia. Evidence derived from a study of
the momentasy atvial axis is thought to support
the circus movement concept of flutter,

The familiar continuous undulations of the
flutter waves apparently have induced clinicians
and electrocardiographers to accept the circus
movement theory of flutter This 15 understand-
able for such undulations might well be in-
terpreted as a graphxc representation of waves

traveling in a circular pathway. If the flutter
waves did not exhibit an undulating appear-
ance, it is doubtful that the circus movement
theory would have achieved general accept-
ance, especially in view of the admittedly in-
complete supporting evidence.

The normal P wave represents depolarization
of the auricular musculature and is referred to
as the excitation wave (Chapter I); it is some-
times followed by a Ta segment which repre-
sents auricular repolarization. In the normal
electrocardiogram the Ta segment generally is
insignificant or masked by the ventricular com-
plex. In the presence of auriculo-ventricular
block, if no ventricular complex interferes, a
small Ta wave can be clearly seen in the limb
leads in about 50 per cent of cases; in the other
50 per cent 1t is absent.

The electrocardiographic evidence presented
in this chapter will show that the general prin-
ciple of depolarization and repolarization ap-
plies also to flutter and tachycardia. The “F”
wave of flutter is not a unigue wave unrelated
to other electrocardiographic deflections, but is
probably composed of two components, namely,
a wave of depolarization followed by a wave of
repolanization. This undulating type of anric-
ular complex representing the same phenome-
na may also occur in auncular paroxysmal
tachycardia. The wave of depolarization will
be considered in Part I of the chapter and the
wave of repolarization in Part IL

[1281]
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Part1

MONSTRATION OF THE WAVE OF
DEI;(E);’OLARIZA"HON IN FLUTTER
AND TACHYCARDIA

X Y OF THE
Exrerament 1A, DEMOXNSTRATION OF
ExartATioN WAVE ¥ THE FLUTIER CoMPLEX :x’
Meaxs OF DIRECT AURICULAR LEADS 5% Doc:

This experiment identifies and delmeates the
pproximate onset and termination of the wave
of depolarization in the flutter undolation.
Auricular flutter was imtiated by aconitine
placed at the extreme candal end of the anricle
over the interauricular septum. One unipolas
electrode was placed on the auricle cose fo the
Jocus and another was placed on the tip of
the appendix of the same auncle at a site as far
removed from the first electrode as possible.
Simultaneous recordings were made from these
two girect leads and lead AVF (Figures 117
and 118). By projecting the tracings from the
direct auricular leads on the simultaneously re-
corded tracing jrom the Nmb leads the ex-
citation wave s the }imb lead can be approxi-
mately delineated. The start of the excitation
wave, as indicated by the wtrinsic deflection
from the electrode nearest the aconitine focus,
1s at the beginning of the descendmg lirab of
the trough in the futter complex of the limb
lead. The termination of the excitation wave is
usually ot the junction of the ascending himb

with the upward bowing of the flutter com-
plex.

Simtlar results were obtained when elec-
trodes were placed directly on the septum (Fig-
ure 119). Flutter was produced by apphecation
of acouttine to the auncle A purse-string su-
ture was mtroduced into the auncolar walk an
electrode was tnserted through a small sneiston
within the suture dme and the sutures were
drawn tght The electrode was placed on the
septum close 1o the focus {Figure 119) and an
electiocardiographic record was taken The
electrado was then moved 1o a site on the sep-
tum ss distal 1o the focus as possible and a
second tvacing was obtained (Figure 118)
Here the intrinsic defiechions in the direct lead;

129

£21l in the trough of the flutter wave ina sim\lﬂ-
taneously recorded lead AVF in the same (te a-
tive positions as obser;/cd in the tracings from
he body of the auricle.

' Obsex)vakions similar to those described in
experiment 1A have heen made repeatedly duc-
ing episodes of auricular paroxysmal (acl\ycm:-
dia. Here again, the P’ wave may be approxi-
mately outlined by simultancous recording of
two direct auricular leads and an indircet limh
lead (Figure 120}. )

The intrinsic deflections inscribed from the
electrode placed close to the aconitine focus
must signify or immediately follow the onset of
auricular depolarization. The intsinsic deflee-
tion inscribed from the electrode distal to the
foens ymst coincide with or i listely pre-
cede the termination of auricular depolariza-
tion. The two deflections roughly mark the be-
ginning and end of the auricular excitation
wave; the ime consumed as the impulse travels
from the first to the second electrode repre-

sents almost the full duration of auricular ex-
citation,

ExperiMeNT 1B: DEMONSTRATION OF THE
Excrratiox Wave v FLutrer sy Means or
Sea-Dinect LEans v Max

Information derived from Experiment 1A
may be utihzed to onthne the excitation wave
in limb leads from human subjects in which
this portion of the flutter complex is not clearly
defined. Ideally, direct auticular leads should
be employed as in the animal cxperiments.
From a practical standpoint, the same results
can be obtained with esophageal leads (Figure
121) and oceasionally with precordial leads
from areas directly overlying the auricles.

By means of auricular esophageal leads or
auricular precardial leads taken simultaneonsly
with indirect mb leads,

observations wi

made in 10 patients during episodes ofsﬁl:;tecrrc
In each mstance auncular intrinsic deﬂcctlun;
could be clearly identsfied in the esophagenl
lea(.ls It was thus demonstrated that jn man,
as in the dog, the ausicular intrinsicoid deﬂcc:
tion occurs during the interval corresponding to



CHAPTER VI1I

An Electrocardiographic Analysis of the Structure of the Auricular

Deflections of Auricular

Flutter and Tachycardia

Inrenstx study has shown that the ventricular
complex consists essentially of waves of de-
polarization and repolarization. The auricular
complex, unlike the ventricular deflection, has
received little attention from electrocardiog-
raphers and the nature of its component parts
is not as well understood. This is especially true
in tachycardia and flutter, where the basic phe-
nomena of auricular depolarization and repolari-
zation have been completely ignored.
Auricular flutter is usually characterized by
a specific undulating wave (continuous undula-
tion of the base lme) generally belheved to
represent transmission of the excitation wave in
a circus pathway around the venae cavae. This
configuration, considered specific for the ar-
rhythmia, is held to be unrelated to any other
type of auricular complex. The saw-tooth un-
dulations of futter are designated as “F” waves,
implying that the flutter waves are produced by
a mechanism different from that of the P waves
of sinus rthythm and the P’ waves of auricular
premature systoles and auricular paroxysmal
tachycardia. Evidence denived from a study of
the momentary atrial axis is thought to support
the circus movement concept of flutter
The familiar continuous undulations of the
flutter waves apparently have induced climcians
and electrocardiographers to accept the circus
movement theory of flutter. This is understand-
able for such undulations might well be in-
terpreted as a graphic representation of waves

traveling in a circular pathway. If the flutter
waves did not exhibit an undulating appear-
ance, it is doubtful that the circus movement
theory would have achieved general accept-
ance, especially in view of the admittedly in-
complete supporting evidence.

The normal P wave represents depolarization
of the auricular musculature and is referred to
as the excitation wave (Chapter 1); it is some-
times followed by a Ta segment which repre-
sents auricular repolarization. In the normal
electrocardiogram the Ta segment generally is
insignificant or masked by the ventricular com-
plex. In the presence of auriculo-ventricular
black, if no ventricular complex interferes, 2
small Ta wave can be clearly seen in the limb
leads in about 50 per cent of cases, in the other
50 per cent it is absent.

The electrocardiographic evidence presented
in this chapter will show that the general prm-
ciple of depolarization and repolanzation ap-
plies also to fiutter and tachycardia. The “F”
wave of flutter is not a unique wave unrelated
to other electrocardiographic deflections, but 15
probably composed of two components, namely,
a wave of depolanization followed by a wave of
repolarization. This undulating type of aune-
ular complex representing the same phenome-
na may also oceur in auncular paroxysmal
tachycardia. The wave of depolarization will
be considered in Part I of the chapter and the
wave of repolarization in Part 1L

[128]
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Figure 117. Spread of floyter wave sn nght auncle of dog Acomtine

focus at caudal end

Electrade A close to the focus, electrode B distant

from the focus, both records were taken simultancously swith lead AVF
The mtnnsic deflcction m A (arraw) denotes the start of the P’ wave, the

mtrmsic deflcctton in B (arrow) denotes t

le end of the P' wave n lead

AVF. Thus, with the focus at the candal end of the aundle, the P wave m
Jead AVF 1s the portson of the flutter complex dehneated by the sharp
downward deflection

the P’ wave of the flutter complex in the in-
direct limb lead (Iigme 122).

Exrgnnvent 2. Snauak NATURE OF THE
EXcITATION WAVES IN TACHYCARDIA AN FLUTTER
This expeniment demonstrates the progressive
change in the configuration of the auricular de-
fections in limb leads which occurs with an m-
crease in the rate of auncnlar contraction.

Auricular tachycardia was produced by the
local application of acomtine to the surface of
the body of the nght auncle adjacent to the
entrance of the inferior vena cava, Continuous
simultanecus ¥mb Jead clectrocarthograms were
taken As the rate of discharge from the acont-
tine focus spontancously mncreased, the typreal
flutter wave pattern gradually evolved (Figure
123). Usually the transition from the tachy-
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Frgure 119, Transmssion of the flutter wave
along the mterauncular septum. Aconttine focus
placed at caudal end of auncle. An electrode was
placed through a purse-stning suture on the au-
neular wall and its tip placed agawmst the septum.
Simultaneous lead AVF was taken In A, the
electrode 1s near the focus at the caudal end of the
septum and the intrmsic deflection recorded de-
notes the beginming of the P’ wave. In B, the

cardia wave to the flutter wave was gradual;
occasionally jt was abrupt. Dunng the tran-
sition a complete series of configurations rang-
ing from the sharp deflections of the tachycardia
waves to the typical saw-tooth undulations of
flutter was observed.

As seen in Figure 1234, at the onset of parox-
ysmal tachycardia the auricular rate is 187 beats
per minute; the P’ wave is sharply inverted in
lead 3, and is followed by a distinct isoelectric
period. As the rate of aurcular contraction in-
creases to 320 beats per minute (Figure 123B)

electrode has been moved to the cephalic portion
of the septum The mtrnsic deflection inscnbed
here denotes the end of the P' wave Thus 1t 1s
shown that the spread of the impulse in the sep-
tum 1s the same as i the bodtes of the auncles
and that the intnnsic deflection from each scptal
lead falls 1n the trough of the flutter wave m Jead
AVF 1n the same relative positions as m the pre-
vious evperniments (Figures 117 and 118),

the mverted P’ wave is followed by an upright
Ta wave. As the rate increases further, 2:1
auriculo-ventricular block develaps, and the
electrocardiogram becomes completely charac-
tenstic of flutter (Figure 123C). As the tachy-
cardia rate increases, the P-R interval becomes
greatly prolonged (Figure 123). The sharply
inverted auricular deflections seen initially in
the episode of auricular tachycardia are clearly
discernible in the subsequently developed flut-
ter complexes; this sharply inverted portion of
the flutter wave obviously is the excitation wave
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bout of tachycardia The occurrence of hoth
arthythmias in the same patient is unusual, al-
though simdar ewamples have been described
by Parkinson and Mathas, +0 Carr, ® Barker
and co-workers, % Decherd and Herr-
mann, *** and others,

The depolarization

wave of chnical futter
can be demonstrate,

d easilly and convineingly
n which one of the hmb

showing typical flutter

undulations, the exejta-
tion wave in leads 2

and 3 may be identified
by projection of the same wave from lead 1.
Unfortunately, only rarely do clinical clectro-

cardiograms of fufter lend themselves to such
analysis

Expernmment 2 gnq s clinical counterpart
demonstrate thyt the typical undulatory waye
of clnical flutter i 70t a unitary deflection spe-
afic for ths arthythmia ang Tepresentative of
constant auricular cireyg activity, but actually
includes in jts composition 2 segmeng identical
with the P’ waye of tachycardia, On the basis
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' START OF p' .

SEGONDS
Figure 121 Esophageal lead and lead AVF
taken sumultancoasly from a patient with an-
nicalar flutter (auncular rate 800 beats per mun-
ute). E-35 1s an csophageal lead recorded 35
em from the Iips, at or near the level of the

cctopic focus The downward deflection (arrow)
is the mtrnsteord deflection and marks the onsct

of flutter. When hoth disorders arise from the
same ectopic focus, the P’ wave of tachycardia
and the excitation wave of the flutter complex
are similar in contour,

When the aconitine focus is placed at or near
the sino-auricular node, the appearance of the
P’ save does not clearly show the time of onset
of the arrhythmia since there 1s little or no
change in the configuration of the aurcular
deflections. In such experiments the transition
from sinus rhythm to auricular paroxysmal
tachycardia is indicated by a sudden, though
slight, change in auncular rate (Figure 124).
As the tachycardia becomes progressively moie
rapid, an auricular 1ate 1s reached (m this ex-
periment 320 beats per minute. Figwe 124) at
which flutter with 2:1 block develops The de-
polarization waves of both arrhythmias are
agam similar in contour and closely resemble
those of normal sinus rhythm.

A flutter rhythm often can be reverted to au-
ricular paroxysmal tachycaircia by freezing the
ectopic focus; when the focus 1s allowed to re-
turn toward body temperature flutter may re-
appear. Under such creumstances electrocar-
diograms demonstrate all possible transitional

SECONDS

of P’ wave m lead AVF. Right Esophageal lead
recorded 25 em From hips, carresponding to the
cephalic end of the auncles, the mtrinsicod de-
flection (arrow) 15 msenbed approumately 004
sccond later than in E-35 and marks the end
of the P’ wave in lead AVF, thus delneating the
P’ portion of the flutter complex i the human

forms between the shaip configmation of the P’
wave of tachycardia and the saw-tooth undula-
tions of flutter (Figme 125).

During the transition from tachycardia to
flutter, progressive auriculo-ventricular block
occasionally appears. The change 1s analogous
to the Wenckebach phenomenon; the P-R in-
terval gradually lengthens until dropped beats
occur (Figure 126). In these instances, the
progressive block occurs while the auricles are
contracting at a 1clatively rapid rate. The ve-
verse changes have been seen n transitions
from flutter to tachycardia

The shape of the excitation waies during the
transition from tachycardia to flutter remains
the same.

Clinical Counterpart: Figure 137 illustrates
electrocardiograms from a patient with bouts
of both auricular paroxysmal tachycarda and
auricular flutter which aose at different times,
apparently from the same ectopic focus. The
excitation waves of both disorders are sumilar
in shape This appears to be an exact clinical
counterpart of experiment 2 The depolarization
wave in flutter can be recognized with the same
degree of certainty as the P' deflection m the
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Figwe 124 Records from simultaneous leads 1, 2,
and 8 at double EKG speeds. Acomitme was placed
near the smus node m a dog Ia A, the auncular
paroxysmal tachy cardsa starts at the 4th beat as sigm-
fied by a shght but definite increase 1n rate from 118
to 122 bests per mmute and a shght change 1n the

T

shape of the auncular deflection  In B, the rate grad-

nally wereases to 200 beats per minute, In C, 2+1

aunculo-ventncular block occurs ot an auncular rate

of 320 beaty per muute Nofe that after the onset

of tachycardia the shape of the P' wace remains con-
stant throughout the record
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ute. In C, the flutter appears at X and rapidly be-
comes 2 1 flutter at an anncular rate of 390 beats
per nunute at the end of the stnp In D, 2 1 flutter

Figure 123 Simultaneous Jeads 1 and 3 Acomtne
placed at caudal end of auncle i a dog In A,
1 1 rdia starts at a yate of

by
187 beats per mmute {X). With the onset of tachy-
cardia, the upnght P wae of sinus rhythm has
become nverted (P’ wave) m lead 3 In B, the
tachycardia mncreases i speed to 820 beats per mm-

continues as the rate mcreases to 460 beats per

minpte After the onset of tachycardia the appear-

ance of the P' wave remamns the same throughout
the record.
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197, (A] Electrocardiogram of auncular
1;:‘%:: m man with upnght P wases i leads 1
and @ Auncular vate 15 250 beats pee mmnste

(B) Eleven days Jater, the patient Pad ma-
mewlay tachycatdia at a rate of 150 beals per

© T T START OF ¢!

P\ Pl Pl

END OF P

Frgore 128 Simultanceus eloctrocardiograms fram leads
L 2ond 3 InJead 1 a pute wave of depolanzation (P')
3 scen, No Ta wave 1s apparent. When the begioming and
ctid of the P wase is supetimpos

sed o Yeads 2 and 3 wheely
show 3 cnatinuons urdvlation, the wave of depol.
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AUR. RATE= < 150 '
11 DAYS LATER

nmunate. .
The P' wares are entical in shape in both
instances. .
The af these two
the same patient §s comparatively rere

in

Expenivest 4: Tne Errecr oF CHANGE IV THE
Site of e Ecrome Focus Uroy Tie
Suare of e P Wave v Fuurmen

The shape of the P’ wave in auricular pre-
mature systole and in auricular paroxysmal
tachyeardin varies with the site of the ectopic
focus in the auricles; this is true of both man
and animals {Chapters I, 1l and 1V), Fur-
thermiore, the contour of the P waves arising
from a given cctome focus is similar whether
the arthythmia is aunenlar tachyeardia or fut-
ter (expersment 2). Thus it would follow that
the configaration of the P waves of flutter also
varies with the location of tlic experimentalty
produced ectopic focus  Because of the ob-
setved changes in the awncular complexes
cansed by differences in the postion of the
heart in the thorax, these observations obvi-
ously must be made an the same animal, This

was suecessfully done an the following manner
on four

«an be easily outhned

Aconitine was placed on the tip of the right
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Frgure 123, Increasc i ruricular rate following warming
of the acomitine focus to body temperature after 1t had been
frozen in a dog At the start of the record the aurncular rate
is 200 Dbeats per minute and the tracing is typical of flutter
The P' wase s identical throuchout, These raprd changes
mnrate, produced arpfically n these experiments by chang-
ing the temperature of the cctome focus are instructive,
however, cinteally, such rapid changes in rate do not oceur
spontancously,

CI |

of this observation, together with the results of
Experiment 1, it is concluded that the segment
in question represents the period of depolariza-
tion of the auricle and therefore may properly
be called the P wave of flutter.

Exeertvent 3: ErFecr oF PositioNaL CHANGE
ON THE AURICULAR DEFLECTIONS OF FLUTTER

This experiment illustiates that the typical
undulatory pattern of the auricular clectrocar-
diogram is not an essential characteristic of
flutter.

During a single bout of experimental flutter
the position of the heart in the thorax was

AURIGULAR TAGHYGARDIA

changed manually several times in various di-
1ections. Each positional change was reflected
in variations of the “flutter” configuration in the
limb lead electrocardiogram (Figure 129), The
expeliment was repeated in five animals.

Clinical Counterpart: Similar observations
have been made on three patients with auricu-
lar Butter. Electrocardiograms were taken con-
tinuously while the position of the patient was
varied. Figure 130 shows lead AVL from one
patient. When the patient is lying on his right
side the flutter wave is indiscernible. When the
patient is supine the flutter waves are difficult
to recogmze. When the patient is lying on his
left side or is sitting the flutter waves are read-
ily seen.

We have observed several instances in which
the typical flutter waves disappeared or became
greatly modified with deep inspiration (Figure
131). The change in the position of the auricles
in relation to the limbs, resulting from the lower-
ing of the diaphragm, probably accounts for
these clectrocardiographic differences.

It is thus shown that the saw-tooth undula-
tions long considered essential to the electro-
cardiographic diagnosis of flutter can be made
to appear and disappear at will by varying the
position of the heart in the thorav. Hence, the
presence of these undulations cannot be con-
sidered an essential criterion for the diagnosis
of flutter.

AURICULAR FLUTTER

X
5 e B AL
" NS
:h: T NN
N P I

‘RATE=290/MIN.

[

RATE= 322/MIN.

RATE=250/MIN.
Figure 126 From a direct auricular Jead m a dog The
aurtcular rate becomes more rapid as the previously cooled
scomtine focus 1s warmed to body temperature The first
fourteen beats are typical of auncular parovysmal tachy-
cardia with progressne  aunculo-ventneular block and

dropped ventricular beats at X (Wenchebach phenomenon )

As the rate increases from 250 to 322 beats per mmatte 2 1

flutter appears The P' wave 1s identical throughout 'R

intervaly are mscnibed above the triemg Tracing recorded
at 50 mm per second
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21 futter,
130 Lead AVL from 2 patent with 2 ,
f&i‘;eo! position of heart on the flutter deflections The

dix, the P’ wave throughout the record, in both
the episodes of tachycardia and those of flutter,
is a sharp upright deflection in leads 1, 2 and
closely resembling the P wave of normal sius
thythm. In the electrocardiograms taken with
the ectopic focus at the caudal end of the same
auricle, the P wave is sharply myerted in leads
2 and 8 in both tachycardia and flutter.

Thus, the shape of the ' waves of auricular
tachycardia and those of auncular flutter vary
m a swilar manner with the change i location
of the intating ectopic focus, In the present
experiments, when the ectopic focus is at the
tip of the nght auricular appendix, the P’ wave
15 upright, when the imtiating focus is at the
caudal extremity of the auricle, the P waye
is sharply mverted. Furthermore, when both
arthythmias arise from the same focus in the
same aurcle, the ¥ waves of tachycardia and
flutter are of similar configuration,

Clinical Applications: The observations that
the P’ wave can be identified in tachycardia and
m Rutter and that 1ts shape varies watl, the ste
of the ectopic focus in the auricles have proved
to be of clnical significance, In any given m.
stance of tachycardia or Butter, a certan con-
ﬁgurfx\ion of the P’ waye implicates a parheular
site in the auncle a5 the location of the 1mutiat-
mg focus, as shown in, auncular premature sys-
tole (Chapter IV), any change i that cop.
figuration 1 due to g shift m the location of the
focus,

tient lying on

futter wave ean be elearly seen anly with pa

left side, the auncular deflections are ndistinct or invisible
m other positions

Summary: Evidence has been presented
demonstrating that (1) the first part of the
flutter wave actually consists of a P’ wave,
the wave of exaitation or depolarization; and
(2) the shape of the flutter wave varies with
its site of origin and with the position of the
heart in the chest. These conclusions apply to
both man and animals.

Part I

DEMONSTRATION OF THE Ta WAVE
IN FLUTTER AND TACHYCARDIA

In Part 1 of this chapter, it is clearly demon-
strated electrocardiographically that a P' wave
is a component of the auricular complex in both
experimental and chinical flutter. Evidence will
be presented to show that the P’ wave in flutter
is generally followed by a large, easily visible,
usually oppositely directed Ta segment or waye
(sometimes called the P-Ta segment). As nioted
eatlier, in normal sinus thythm the P wave may
be followed by a Ta wave which Tepresents re-

AURIGULAR FLUTTER
4 T 7

ey

-—
INSMRATION INSPIRATION
Figure 131 The effect of deey sent
D mspizat
stth futter, The futter undulations become andistinet dur.
g spiation {dye to the descent of the diaphragm and
consequent change 1 Position of the heant)

100 In a patient
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A . B

G D

NORMAL APEX HEART APEX HEART HEART
POSITION RETRAGTED RETRACTED ROTATED
OF HEART - TO RIGHT TO LEFT CLOCKWISE

IR

SN B

TIME IN T
SECONDS t

Figure 129. The effect of changing the position
of the heart on the auncular deflections of flutter
in a dog.

{A)} Normal poswan of the heart Typical
2 1 flutter 1s present with undulating waves

B, C and D are records obtained alter the

auricular appendix and auricular paroxysmal
tachycardia was produced (Figure 182A). Con-
tinuous simultaneous electrocardiograms were
made of limb leads 1, 2 and 3. As the rate of
discharge from the focus spontaneously in-
creased, the electrocardiogram became charac-
teristic of flutter (Figure 132B).

The aconitine focus at the tip of the right
auricular appendix was then frozen with ethyl
chloride spray and was maintained in a frozen
state for the remander of the experiment. This
procedure prevented stimulus formation in the

heart was rotated manually 1n vanous positions

When the heart 15 retracted to the left (C), and

rotated clockwise (D), the flutter undulations be-

come mdistinet and finally disappear. This clearly

shows that the flutter configuration can be made

to disappear merely by changing the position of
the heart

appendical focus and abolished jts pacemaking
function; sinus rhythm supervened.
Aconitine was then placed at the caudal end
of the right auricle in the same animal, just
ventral to the entrance of the inferior vena cava
(Figure 132C); again, auricular paroxysmal
tachycardia appeared. As the auricular rate
gradually increased, 2:1 auriculo-ventricular
block developed and the electrocardiogram be-
came characteristic of flutter (Figure 132D).
The electrocardiograms show that when the
ectopic facus lies on the right auricular appen-
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AURIGULAR
RATE / MIN.

100

150

188

300

375

1

Figure 138 Semi-diagrammatic representation of the evolu-
tien of the Ta wave in avncular futter At an avnenlar
rate of 100 beats per minute there 15 an absolutely flat
tsoclectric bne between successive P waves and no Ta
defiection 15 seen At 150 beats per minute a very small but
pererptible Ta wave appears. At a rate of 18§ beats pes
munute, the Ta wave 15 distnct but 15 followed by an vo-
electne mterval At 3 rate of 300 beats per munute the
Ta wave 1s larger than before and only a short isoelectnc
“shelf” follows the Ta wave At a rate of 373 per minute,
the Ta wave s farge and no ssoelectne penod s present,
This record shows a characteristic sine wave typical of
Hutter produced at the caudal end of the auncle as recorded
from leads 2 and 3 All of the configurations schematteally
shown in this Mustration have beers

seen 1 clectocardion
gramss in both man and animals

occurrence following the P wave of

auricular
certahion strongly

suggests that it is concerned
with auncular repolanzation, As the avricular
rate reaches 375 beats Per minute, the Ta waye
becomes sl larger and Bnally attaing an ample
tude of 03 mitinolts; 9:1 auriculo-ventricular
block appears and the clectmcardlogmm is

typical of flutter (Figure 134D). I-t is the Ta
wave which gives flutter its undulating a(‘)pcn}:'-
ance, for httle significant change oceurs in tl J
Pwave during the transition from tachycardia
to flntter. The Ta wave becomes so ?argc and
bowed that it is often the most prominent part
of the flutter complet and is more distinct than
the P’ wave. .

The Ta wave of repolarization apparently is
induced or rendered visible by the more m]_ﬂd
rate of auricular contraction and progressive
prolongation of the PR interval. The faster the
aurjcular rate, the larger is the Ta segment. The
Ta wave causes some distortion of the sueceed-
ing QRS complex.

Clinjcal Counterpart (Effect of Rate on the
Ta Wave): Examination of a large number of
electrocardiograms of patients with fiutter ye-
veals that when the auricular rate is slow, the
P wave is often followed by an isoelectric
period; with more rapid auricular rates, the P'
waves are usually followed by large, oppositely
directed Ta deflections (Figures 135 and 136).
This relationship is even shore strikingly illus-

A
JTa Ta Ta Ta

ISOELECTRIC
—PERIQD

ISOELEGTRIG
ERI0D

U ’ v
P P P
Figure 139 Enlargement (thie

ee thmes
Hutter camplexes to show that thy 2 fesgnds, of

continuation of th g
wave A short 1socle » s W e
avricalar rate 45 400
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RATE=200/ MIN. RATE =330/ MIN.

Figure 135. Records from the same leads 1n two patients
with flutter,
(A) rate 200 per mmute. No Ta waves are prescnt.
(B) rate 330 beats per minute. The P’ waves are of
the same shape as in A; at this rapid rate large Ta waves
have appeared,

ObservaTioN 1: Evovurion oF THE Ta Wave
AS THE RATE OF AURICULAR
CoxTRACTION INCREASES

The evolution of the Ta wave as the auricu-
lar rate increases dunng the transition from
tachycardia to flutter may be seen in Figure
123 as well as in the following experiment.

Aconitine was placed on the caudal end of
the right auricle and the resulting transitions
from normal sinus rhythm to tachycardia to
flutter recorded (Figure 134). The P wave of
normal sinus rhythm is upright in lead three
(Figure 134A). As auricular paroxysmal tachy-
cardia occurs at a rate of 220 beats per minute,
deeply inverted P’ waves appear and are fol-
lIowed by isoelectric periods or shght upward

s [

R VY
AUR, RATE= 250 / Min.

ST

8
2 9 0 pmnn o
TERE R R Pl g PR
Q

uBl 7 Q R

" 3 e/
PPRPPPPP PP PP PPPP
; P 4 B e
CF: : PLFAP P P P A \j
Pt Aty
1 —— ” ' Q Q {'nfxﬂx
RATE s 200/MIN. . RATE*300/MIN,

Figure 136 (A) Record from a patient with auncular
flutter. Rate 200 beats per minvte

{B) Record from another pattent with auncular flutter
Rate 300 beats per minute

Distinct undulations due to large Ta waves are present
m B, In A, the Ta waves are absent or very small Thus,
m man, as i the dog, detvelopment of the Ta wave depends

largely on the auncular rate

undulations. As the rate of auricular contrac-
tion increases to 264 per minute, the isoelectric
period is replaced by an upward bowing 1m-
mediately following the inverted P’ deflection
(Figure 134C). Since the deflection starts im-
mediately after the P' wave and precedes the
ventricular QRS deflection, 1t obviously repre-
sents auricular and not ventricular actwity, 1ts

7 baYs_LATER

e R ]

A A i o s

Hoornr o

AUR. RATE= 300 / Min.

Figare 137. Flutter at different rates in a single patient

(A} Auncular rate
Ta wanes after each P’ wave,

(B) Same patent, scven days later Rate i
peared and are responsible for the typical undulatory,

250 beats per munute

Note 1soclectric mtervals or only very small

800 beats per minate Ta wares have ap-
flutter appearance.
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TACHYGARGIA— AUR. RATE = 187/ MiN,

e sacn

. ‘V:_an PPYPP, y

— I S,

FLUTTER~—- AUR. RATE= 375/ MIN,

2 rds from a patient with supraventnicular
e 58 ot s entnetay Do oea s
(A} Aunculae rate 187 beats per munute, a small up-
t P wave 1s present
o (B} The aur‘:cuhr rate has increased to 375 beats per
mmute The P wave 15 still small and upnght
Undulations are present m B but not in A Thus,
A rught be called auncular tachycardia, and B smght
be called auncular flutter, however, in view of the facts
concerning, the development of the Ta wave as set forth in
this study, this distmction would appear to he wathout
sigmficance

are llustrated diagrammatically 1n Figure 138,
When the auricular rate is relatively slow, only
the inverted P wave is seen, no Ta wave Is dis-
cermble. As the rate mcreases, the upstroke of
the ¥ wave continues above the isoelectric level
to become the upstroke of the Ta wave; the
downstroke of the Ta wave then descends in a
relatively gentler slope back to the isoelectric
lme The upstroke of the Ta wave is thus a di-
Tect continuation of the upstroke of the P' wave,
As the auricular rate further increases, the Ta
wave becomes larger and more bowed, and the
isoelectric penod becomes shorter, this isoelec-
tne period may sometimes be seen as a short
ihelf between the end of the Ta wave and the

wuwad, LIe 1soelectne “shelf* completely dis-
appears, and the mare gradually descending
hmb of the Ta wave directly jomns the descend-
mg hmb of the succeeding P’ waye

When the flutter rate is unus
when the flutter impulse starts
node, the Ta g
absent

ually slow or

neatad - )

Jrrauow ul e 10m and evolgtion of the T
wave as set forth in th, e Ta

€ preceding Paragraphs

shows the meaninglessness of such 2 distinction,

Examination of a large number of records of
experimental and clinical flutter and \ach).*-
cardia reveals that in limb leads the Ta wave is
usually inscribed immediately after and ir‘\ a
direction opposite that of the P wave; * no iso-
electric period occurs between these two de-
flections (Figure 139).

Opseavamioy 3» Rarip-RATE AURICULAR
Tacuycanpta wrrt TA Waves

Attention has previously been called to the
fact that rapid auricular tachycardias (occur-
ring in infants and occasionally in adults) may
exhibit deflections in which the two component
parts, P’ wave and large Ta wave, can probably
be clearly identified (Figure 140). Because of
therr undulatory appearance, such tracings are
often diagnosed as auricular Hutter with 1:1
auriculo-ventricular response, Again, in view
of the foregoing discussion of the eyolution of
the Ta wave, this distinetion is without signi-
ficance.

Unfortunately,

in most cases of auricular
tachycardia the a

uricular events are complctcly
masked by the ventricular complexes, especially
by the large ventricular T waves. In these in-
stances an exact dugrosis is impossible. In
many electrocardiograms of rapid rate tachy-
eardia, the P waves cannot be identified with
certainty without the aid of direct leads or
special semi-direct leads, such as esophagea)
or chest leads.

Figure 141

Yeads cleart - 8
Lead AVF js g Y Show B vaves.
and flutter,

gBEEI\\'ATIO.\' 4 Tue AURicuLAR Deriecrion
&C LINICAL Tacrycanpiy AND FLuTTER Wyry
OMPLETE Avmcvm—\h:mmmm Brocxk

During the progress of the j
seven pati,

v patients were encountered sy
One example hag been for
Waves are 1 the same directi

nvestigation
hose electrp.

und 1 which th, P
on {Chapter X).e
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Figure 140. Records from a
child, age two, with auncular
paroxysmal tachycardia at rate
of 150 beats per rmnute, en-
larged two tmmes. Decply m-
verted P’ waves can be seen in
lead 2 and appear to be fol-
lowed by upright Ta waves

b

trated in electrocardiograms of flutter at differ-
ent rates in the same patient (Figure 187).
When the auricular rate is 250 beats per minute
(Figure 137A), the P" wave alone is present

A

AURIC. TAGHYCARDIA _
IRIC. TAGHYCA ,

and is followed by a distinct isoelectric period.
Seven days later, for unknown reasons the auri-
cular rate had increased to 300 beats per min-
ute (Figure 137B); definite Ta waves seen best
in leads 2 and 3 are now present and the record
has the undulating appearance characteristic of
flutter, In the electrocardiograms recorded on
both dates the P’ deflections are identical, indi-
cating that the same ectopic focus initiated the
arrhythmia in each instance.

Tn both man and animals, when the auricular
rate is relatively slow, Ta waves are absent;
shen the rate is rapid, Ta waves are likely to be
present. It is therefore apparent that in the
flutter wave of an uninjured auricle, free from
cffects of drugs, the presence or absence of a
characteristic Ta wave is largely dependent on
the auricular rate.

OnservaTioN 2: DirEcTiON AND FoRrM OF
Ta \Waves v FLUTTER AND TACHYCARDIA

The increase in size and change in form of
the Ta wave which occur with the progressive
increase n auricular rate ( Figures 136 and 137)

B

AURIC, FLUTTER

1 A
AV F . P T
WAV
T R T TS NI
A NP AP
AURICULAR )
LEAD i 1. ;-
G L. W e e
TIME (N SZCONDSG ] 2 ! <

Figure 141 Electrocardiograms of acontine
induced auncular tachycardia (A) and futter
(B) in dogs. Note absence of auncular ac-

ity in lead AVF, wlile simultaneous direct

auricular Jead cleary seveals auncular deflec-

tons  Diceet leads 1n A and B recorded from
different sites on auncle
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Figure 145, Vanations m the configuration of the flutter deflections due to diffcrences m
the location of the electrode with reference to the auncle,

(A) Direct aunicular Jead (30 dog).

(B} Lead from mediastinal structures
tancously with direct auncular Jead - & T -

In AVF taken simultancously

Thus the presence or absence

teaves. The simlanty of this electrocardiogram,
identfied as flutter, to some of the leads in
Figure 142, called tachycardia, js striking, the
only difference is that of rate.

In summary, a study of tracings from patients
with heart block 2ccompamed by regular aun-
cular arthythmias demonstrates that no sharp
line of demarcation exists between the electro-

cardiographic  configurations of flutter and
tachyeardia,

OBsERVATION 5 Esopsacear AND PRECORDIAL
Leaps

Brown™ reported differences between the
auricular deflections of auricylar paroxysmal
tachycardia and those of flutter 1n esophageal

Note distinct P’ wases with 1soclectric intenals
at some distance from the auncle taken simul-
St I

+ locaion

were present. Brawn suggested that a dissimi-
larity in the fundamental mechanism of the two
arthythmias might account for these electrocar-
diographic differences,
In order to properly
electrocardiograms
tachycardia and flutt
tions must be under.
the deflections in
from those in es
former exhibit de|
tieen the auricy

interpret esaphageal
in  auricular paroxysmal
er, the following cansidera-
stood. Tn dogs with flutter,
direet auricular leads differ
ophageal leads 1 that the
finite isoelectric intervals be-
lar complexes (Figure 145).
» such as those taken from the
tures {comparable to esopha-
exhibit intermediate types of

mediastinal styuc
geal leads), may
1afl, £

leads In four wstan,
obsen ed undulating,
sharp peaks On the
from two Patients wy
tachycardia, relatively

B
ces of auncwlar futter he
hever-resting waves with
other hand, in tracings
th auricylar paroxysmal
long isoelectric intervals

ple, spikes similar to those
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Figure 143, Electrocardiogram from a patient during a
single bout of an aurcular arrhythnua at a rate of 165 beats
per mmute with complete auniculo-ventriealar block follow-
mg a posterior coronary occlusion.

In lead 3 (A) mmerted P’ wares are present, there 1s
no Ta ware In lead V, 1n the 2nd mterspace (B}, m lead
V: mn the 4th mterspace (C), and in lead V, i the 5th mnter-
space (D) large Ta waves are present and mmpart to the
tracing an slatory, flutt despite the
comparatively slow rate Thus, m a single record the Ta
wave may be present in some leads and absent m others,
when present 1t gives the tracmng the typical undulating
appearance of flutter

Some would dagnose the same arthythnma as recorded
1t A as tachycardia and as recorded 1 B, € and D as flutter

cardiograms exhubited complete auriculo-ven-
tricular dissociation (with ventricular rates un-
der 50 beats per minute) and regular auricular
arrthythmias of various types. An opportunity
was thus afforded for observation of pure auri-
cular deflections from ectopte foci unaltered by
ventricular complexes Examination of these
tracings confirms the fact that no sharp demar-
cation enists between the electrocardiographic
canfiguration of flutter and that of tachycardia.

In one patient with complete auriculo-ventri-
cular block, regular auricular rhythms of vary-
ing rates arose from the same ectopte focus at

different times (Figure 142). In Figure 1424,
the rate is 187 beats per minute and distinet iso.
electric periods are present; such a record has
been called auricular tachycardia. In Figure
142B the auricula: rate has spontaneously in-
creased to 875 beats per minute but now dis-
tinct undulations are present; because of the
more rapid rate and the presence of the undula-
tions this record would be termed flutter, Ac-
tually these two records represent the same
auncular disturbance arising from the same
ectopic focus with different auricular rates.

Figure 143 is a record from a second paticnt
with complete auriculo-ventricular block and
regular auricular tachycaidia; the aurrcular rate
15 165 beats per mmute. In A (lead 3) inverted
P’ waves are present and Ta waves are absent. In
D (lead V,, 5th interspace) large Ta waves are
present, impartng the typical undulatory ap-
peawance of flutter. In B (V, 2nd mterspace)
and C (V,, 4th interspace) intermediate types
of deflections are recorded. Thns in a given
episode of an arrhythmia at a constant rate, Ta
waves may be present in some leads and absent
in others. When the Ta waves are present, even
though the rate is relatively slow, the configura-
tion is identical with that of flutter

Figure 144 15 a tracing from a patient with
complete auriculo-ventricular block and auri-
cular flutter with a rate of 214 beats per minute.
The flutter undulations are present m lead 2;
lead AVL shows only pure P' waves without Ta

NV N NN N Y
R - N Y
Frgure 141 Tracmgs from a patient with complete aurtculo-
ventricular block and auncular flutter with an auncular rate
of 214 beats per mmute The flutter undulanions are present
1 lead 2, Icad AVL shows only pure P’ waves without Ta
waves The record in lead 2 1s charactenstic of auncular
flutter, the simultancomsly recorded lead AVL mught be

calledd auncular tachycardia
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- ed by cutting the Bundle of Ihs

(A) With 2 1 heart block Ta wases are small

opposste to that of the P wawrs
(B) After complete heart bl

away trom avridles,

after mpury with heat

T
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are 347, Ta wive duc to auricalar infury Leads 1 and 8. Heart block n 2 dog was
establish

1, fmverted, and maenbed in o disection

lock was established, hot lamp was placed a few faches
Vpnght Ta waves appeared and became vesy sanrl

ked The Ta wanes

{B) are m the same direction as the P* ware. In flutter the P' and Ta

waves ate oppositely duccted,

tachycardia, also insctibed 1n a direction oppo-
site that of the ¥ wave, may Wkewise represent
the result of auricular “strain” *

The concept of auncular “stran” as a conse-
quence of rapid auricular rates is confiomed by
study of the cinematographs The films chaw
that under such circumstances the ausicles work
hard and appear to be near the limit of co-ordh-
nate contraction. The penod of diastole is brief
and catabolites in high ion might he
expected to collect as the result of insufficient
rest Figure 150 shaws the approxinate dusa.
tion of systole and diastole in fintter and various
types of tachycardie. In Quiter at the rate of

L, " The suthars do not necessanly sdvocate the tenm
stram” for these tvpes of electrocardngraphic Patterns; iy
u merelv suggested that sn analogy mught exist between

the Ta wave of awnculac injury and the o

464 eycles per minute, systole occupies approi-
mately 73 per cent af the cardiac cycle; in par-
oxysmal tachyeardia at the rate of 198 beats
pet minute, the duration of systole s 414 per
cent of the eycle; in sivws tachycardin at the
rate of 164 eycles per minute, the duration of
systole is 336 per cent. (These figures were
obtained from high-specd cinematographs
ing with a stopwatch the time
by systole from its onset to its maximum de-
gree.)

1 biochemical changes are associated with
clectrical events, the aceumulation of cataba-
Ites may be responsible for the Rutter Ta wave.
Such abnommal conditions obviousty would
affect the px'ocess aof repolatization of the auri-

by
fod

rattern sometimes ealled “ventnewlar stram,”™

cul:fr Ta waves may abso veeur in
auricular {nfarction 1% 2 200, 223/m1 4o possi-
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Figure 146 Esophageal leads recorded i a
patient with 2 1 flutter. The record above 1s
275 centimeters from hips; that below is 32,5
centimeters from lips. E 27.5 shows upnght
P’ waves with isoclectric periods. In E 325
the undulations are present between the ¥
waves, Thus the presence or absence of flutter
undulations depends in part on the relation
of the electrode to the auncles and may be
present or absent 1n different esophageal Jeads
in the same patient.

Esophageal leads cannot be regarded as
direct leads; they are semi-direct leads, since
the electrode is close to but not directly on the
the auricles. Hence, flutter undulations would
be expected to occur in esophageal leads on
occasion but not as a regular rule; such has been
the experience in this laboratory. In some in-
stances in which the esophageal leads do not
reveal undulations, simultaneous hmb leads
may exhibit typical flutter undulations. In flut-
ter, esophageal leads at various auncular levels
may show either typical flutter undulations or
P’ waves with isoelectric intervals (Figure
146).

Thus, the presence or absence of an isoelec-
tric period in esophageal leads does not provide
a basis for the assumption that the mechanisms
of tachycardia and flutter are different.

OsservaTION 6 Ta Wave DUE TO
AURICULAR INJURY
To facilitate the identification of the auricular
deflections, auriculo-ventricular block was pro-
duced in a dog’s heart by cutting the Bundle
of His; normal sino-auricular rhythm was re-

tained (Figure 147). The auricles were then
injured with heat from a Jamp. The effect of
such injury is shown in Figure 147; the Ta wave
becomes upright, progressively larger and more
bowed. In contrast to the Ta wave of flutter
which is usually in a direction opposite that of
the P wave, the Ta wave after injury is
generally in the same direction as the intrinsic
deflection. This observation suggests that the
mechanism of the Ta wave of flutter and tachy-
cardia is different from that of the Ta wave
caused by auricular injury with heat.

Another form of injury often observed ex-
perimentally is that produced by excessive pres-
sure on the auricular wall by a direct auricular
electrode. The resulting “current of injury” is
lustrated in Figure 148. The appearance of
Jarge Ta waves in electrocardiograms of both
dogs and man as a result of auricular injury has
been described previously.*®

Clinical Applications: As previously men-
tioned, Jarge Ta waves are occasionally seen
during normal sinus rhythm in patients with
severely damaged hearts. Figure 149 is a trac-
ing from a patient with coronary artenosclerotic
heart disease recorded just before death. The P
wave is followed by a large upright Ta deflec-
tion. The ascending limb of this deflection
precedes the QRS complex; the descending
limb causes considerable elevation of the ST
segment. It is thus possible that ST segment
shift occasionally may be the result of distortion
by superimposed Ta waves; this has been sug-
gested by other investigators. In most instances
ST deviations due to auricular deflections can
be distinguished from those due to coronary
artery disease by the fact that in the former an
additional auricular component is always pres-
ent between the P wave and the QRS complex.

The foregomg discussion of the Ta wave
suggests a possible analogy to the electrocardio-
graphic pattern of “ventricular stran.” In ven-
tricular “strain” the T wave is almost ahvays
inscribed in a direction opposite that of the
QRS complex. An auricle driven at a rate of
400 impulses per minute certainly is “strained”;
the large TA deflection of fRutter and rapid-rate
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(B} Nine days later, the same
8 batient after digitalization  Not,
wave 1s much more distinct, Nete thas the To
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ELECTRODE
PRESSING
HARD ON
AURICLE

[/INJURY CURRENT

ELEGTRODE
TOUGHING
LIGHTLY

AVF

TIME IN :
SEGONDS !

Frgure 148. Ta waves of “current of mjury * Two auncular
leads and AVF were recorded simultaneously 1n a dog with
flutter In the top tracing the clectrode was pressed too
firmly agamnst the auncle and produced an “injury current.”
There 15 no “inpury current” m the nuddle tracing where
the electrode was gently pressed agamst the auncular sur-
face  Simultancous AVF shows typrcal auncular flutter,

bly in azotemia. Although the mechanism of
the production of the Ta wave in this Jatter con-
dition is not defimtely known, here also the
mechanism may possibly be chemical injury
from excessive accumulation of catabolites. This
entire subject of the effect of auricular mjury
of various types* and of “strain” due to over-
work,® on the formation of Ta waves requires
further study.

OsservaTioN 7. EFFECT oF DIGITALIS AND
QuiNpiNe oN THE Frurrer DEFLECTION

In two patients with auricular flutter, the
amplitude of the Ta wave increased following
the administration of digitahs (Figure 151).
These changes m the Ta wave of flutter are
strikingly analogous to the effect of digitahs on
the ventricular T wave. Digistalis produces
deviation of the ventricular T wave in a direc-
tion opposite that of the QRS complex and
shortens or completely abolishes the isoelectric
period between these deflections. The increase
in amplitude of the Ta wave has also been noted
in the experimental animal (Figure 152).

The flutter wave is greatly widened and its
rate slowed after quinidine administration (Fig-
ure 153). Other examples of the effect of quini-
dine on auricular Rutter are seen in Figure 297,
Chapter XVI. The effect of quinidine on the
flutter wave as correlated with quinidine levels
in the blood has been studied by Sokolow.™

SUMMARY AND CONCLUSION

The configurations of the auricular deflec-
tions of auricular paroxysmal tachycardia and
flutter have been analyzed.

In man and in animals, in both arrhythmias
the auricular deflection probably consists of two
parts: (1) the P’ wave of depolarization and
{2) the Ta wave of repolarization, The Ta wave
becomes clearly visible as the auricular rate in-
creases and, at rapid rates, imparts to the elec-
trocardiogram the familiar undulations usually
regarded as characteristic of flutter.

Identification and delineation of the P’ wave
of the flutter complex in limb leads have been
achieved by means of simultaneously recorded
limb and direct auricular leads. In a given au-
ricle, changes f the location of the ectopic
focus result in alterations in the shape of the P
wave. When the ectopic focus is in the region
of the sinus node or the right appendiv, the P’
wave in leads 2 and 3 is upright; when the focus
is at the caudal end of the auricle, the P’ wave
in leads 2 and 8 is inverted. Contipuous trac-
ings made during the transition from tachycar-
dia to flutter show that the initial deflection
(the P’ wave) maintains a similar appearance
throughout the record, Thus, from a constant
focus in a given ammal, the shape of the P’
wave is essentially the same in the two arrhyth-

B W - W S
[ LS S—
_ 9 . pQ

Figure 149 Lead 8 from a patient with artenosclerotie
heart disease and profound shock The efectrocardiogram
was taken chortly before death  Note that the Ta wave
starts just after the P ware, the elevated Ta wave causes
some distottion of the QRS and the first part of the RST
segment Ta waves are often found after auncular mfarction
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esophageal (semi-direct) leads in man has been  drugs, todic states, periods of anotemia and
considered. During the rapid auricular arrhyth-  myocardial ischemia, the presence of various
mias the P and Ta waves may be present in catabolites, as well as changes in rate, affect
esophageal leads, however, isoelectric penods  the Ta wave both in normal sinus thythm and
are not uncommon in these leads. during the archythmias,

Evidence has been presented to show that
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A 'BEFORE DIGITALIS

!A P P;n,__hj';;1+f-;

. AFTER DIGITALIS

100
Figure 152 A ) lar block duced by cut-
tng Bundle of His m a dog. Lead 2. A shows 2.1 heart
block; B after administration of digitalis, Note promi-
neat Ta wase which results from admunistration of digitals

AUR. RATE

mias. These observations indicate that the term
“F” wave, intended to specifically designate
the auricular deflection of flutter, should be dis-

carded. }
By the same methods used to study the P

A
BEFORE

AUR.
QUINIDINE — RATE= 300

P

Figure 153, Effect of qumidine on experimen-

tal flutter. Leads 2 and 3
(A) Auncular rate 15 300 beats per mumn-

ute; no qumdine has been Ziven

) ' AUR. RATE = 125

QUINIDINE — RATE 230

A,.4~.-h\ W S

wave, the remaining portion of the flutter undu-
lation is believed to consist of the Ta wave, This
wave of regression or repolarization is made
visible and larger than normal by the combina-
tion of two events: (1) the increase in rate; and
(2) the progressive prolongation of the P-R
interval and the occurrence of auriculo-ventri-
cular block. As in the normal electrocardio-
gram, the Ta wave in flutter and tachyeardia is
commonly inscribed in a direction opposite that
of the wave of accession (P or P’ wave).

The effect on the electrocardiogram of a
change in the position of the heart as reflected
in the several leads has been described, Such
positional changes may so alter the configura-
tion of the auricular deflections in some leads
that accurate diagnosis becomes difficult. It
is thus obvious that, clinically, such positional
changes of the heart as may be brought about
by abnormal rotation, operation on the chest,
trauma or other abnormal states may so affect
the contour of the auricular defiections as to
necessitate the use of special auricular leads as
diagnostic aids.

The relationship of direct leads i animals to

B
AFTER

p' P' [ A L

P S e S
PP

(B) After the adnumistration of quinicine,

the flutter 1s still present, the auncular rate
has slowed to 230 beats per nunute and the
appearance of the flutter wave has changed be-

cause of the widenmg of the flutter wave
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oppositely ditected Ta (repolarization) wave
{Chapter VIi), Lewis’ conclusions are neces-
sarily erroneous. The only part of the auricular

o
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deflection which reflects the activation of ﬂ'x.e
auricle in flutter is the P’ v:ampom:nt. As Lewis
was not aware of this distinction, it would secm
y to recaleulate the Ty atrial
clectrical axes in his patient (Figure 155). Par-
allel ohservations made in one of our patients
shown in (Figure 157).
m?rhe instanczg ong]uﬂer studied by Lewis is of
the common type. When the P’ and Ta waves
in the electrocardiograms from his patient are
delineated, the momentary atrial axes of the P
waves in the standard limb leads do not indicate
the existence of a circus movement. Quite the
contrary, the excitation wave starts at the lower
end of the auricles and goes forward and up-
ward in a simple and direct manner (Figure
156). The momentary atrial axes in gur awn
patient (Figure 157) with the common type of
flutter were similar to those in Lewis' patient;
the axes of the P waves were directed upward,
those of the Ta waves downward,

The circus movement theory of flutter thys
was based on a false belief that the momentary
electrical axis of the Rutter undulation revolves
through 360 degrees. Had Lewis recognized
the specific component parts of the flutter wave,
and the fact that the Ta wave of repolarization
is foscribed in o direction opposite that of the
P wave of depo!arizatinn, presumably he wonfd
not have concludeg that the flutter impulse
travels in circular pathy ay. 1t was this same
Teasonng from 5 fallacious assumption which
led Decherd, Ruskin and Hermmana s g

Grishman and co-workers 2 ¢ artive at similay
invalid canclusions,

THE ESOPHAGEAL, LEAD ELECTRO.
CARDIOGR AN OF SPONTANEOUS
AURICULAR FLUTTER IN MaN

In the present study the natyre of flutter in
man wag investigated by means of esophageal
leads recorded in 1g Patients, Analysis of the
Lewss's Meehaniom of the

Heart Doy,
ons, Lo Dz:) courtesy Shaw &



CHAPTER VIII

Electrocardiographic Observations of Spontaneous Auricular
Flutter and Auricular Paroxysmal Tachycardia In Man

Civenatocnarie  and electrocardiographic
studies of experimentally produced auricular
flutter and tachycardia in the dog (Chapters
1I1, 1V, V, VI, VII) have shown these arrhyth-
mias to consist of rapidly recurring waves aris-
ing from a single ectopic focus and spreading in
all available directions simultaneously. In no
experiment was the phenomenon of re-entry
abserved. Regardless of their clarity and ac-
curacy, however, results of animal experiments
cannot be apphed directly to man, such obser-
vations serve merely as guides for analogous
clinical nvestigations. Consequently, a series
of observations was made to determine whether
or not the clinical forms of auricular flutter and
auricilar paroxysmal tachyeardia exlilut the
same electrical features found in the experi-
mentally produced arrhythmias.

COURSE OF THE EXCITATION WAVE OF
CLINICAL AURICULAR FLUTTER

The nature of flutter in man heretofore has
been investigated by essentially only one
method, naruely, a detailed examiation of the
momentary atrial electrical axis of the aunicular
deflection. Lewis " and co-warkers recorded
three simultaneous leads arranged i frontal,
sagittal and horizontal planes of the body of
a patient with auricular flutter (Figure 151)
The momentary electrical axes of the auricles
were analyzed at 0.02 second intervals in each
of these planes, and plotted graphically to de-
termine the course of the electrical events dur-
ing the cycle of auncular flutter  From Lewis”
study the conclusion was drawn “that this (elec-

trical) axis revolves during the progress of each
auricular cycle through 360 degrees. This revo-
lution of the axis gives us, so we believe, mcon-
testable evidence that the movement of the ex-
citation wave throughout the auricle as a whole
is controlled by a re-entrant movement around
a circle or an ellipse.” *™

Decherd, Ruskin and Herrmann 3% repeated
Lewis™ experiment but modified his technique
in the following manner. The electrode connec-
tions were varied slightly since only two simul-
taneous leads were recorded. By an ingenious
photographic method these workers were able
to visualize on a three dimensional scheme what
they considered the pathway of the excitation
wave. Therr conclusions were largely in agree-
ment with those of Lewis. Grshman, Kroop,
Jaffe and Steinberg *** also arrived at a similar
conclusion.

Although Lewis considered Iis results un-
equivocal, Scherf, ° Brams and Katz, & Wil
son, ®® and others, have pomted out that the
muscular mass contained 1n the narrow mother
pathway of the hypothetical cireuit 15 too smal]
to produce the potential recorded as the flutter
wave by the electrocardiograph. Other cnti-
cisms of Lewis’ method for determining the
course of the flutter wave in man will be pre-
sented in this chapter

OpservATION 11 RECALCULATION OF THE

MoMeNTARY ATRIAL Evgctmcar Axes 1y a Case
OF AURICULAR FLUTTER ANALYZED BY LEwis

If the flutter wave consists of two com-
ponents, a P’ (depolanzation) wave, and an

[156}
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Figure 156 {A) Caleulation of the momen-
tary atnal electneal axes §rom standard Limb
lead The aves of the P waves recorded from
002 through 006 sccond afl pomt n the same
general upward {cephabic) direttion between
11— and 11— n the reference ates The ates
of the Ta waves ate duected downward
{caudad) through powmts ©.10 to 014 and are
between 14 and 114, The momentary atnad
eleetneal aves of depolanzation do not indicate

the evistence of a cireus movement; ndeed
they cover a range of less than 60° mstead of
the 360° of the hypothetiesl cemt

{B) The standard hmb Jeads 1, 2 and 3
from whch the above data were obtmned The
momentary axes were calcujated at 002 sccond
ntervals from the onset of a P wave through
one auncular cycle, (From Sir Thomas Lewis's
Mechanism of the Heart Beat, Courtesy Shaw

& Sons, 14, London )
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Figure 153. Further recaleulation of Lewis's data on the
momentary atnal electneal aves 1 flntter. Modificatson of
Lewis’s preceding hgure {Figure 154)

{A) Lead 1 in frontal plane above, standard Jead 2
befow (dotted tracng). E of the elect ho-
gram demonstrates that Lewis’s measurements included the
portion of a P’ wave following a ventneular complex (P
#1), the succeedmg Ta wave, an isoclectric period, and
a portion of the succeeding P' wave (P’ #3) The de-
flection which Lewis assumed to represent 2 single wave of
depolanzation actually started (000 pomt) at the middie
of the wave of depot 30n
(B) Dragram of Lewts's crrcus pathway, modified to
show each of the electrocardiographic components We have
dehmeated the part of the circle corresponding to each waie
in the tracing. The end of the first depolanzation wave
(P’ #1) occurred near the 000 pomt Auncular repolan-
zation then began and the aus of 0.02 beecame op-
positely directed to that of 000, the second third of the
arcle {002~ LI} thus represents a repolan'zal{on wave
(Ta wave) and 1s followed by 2 brief 1soelectric period

THE AURICULAR ARRHYTHMIAS

large, easily discernible, auricular intrinsicoid
deflections from these leads provides 2 method
of accurately charting the course of the flutter
excitation wave. In three of the patients the
precordial leads also exhibited large, readily
recognized P’ waves by means of which the
course of the flutter wave could be charted over
the chest. Fsophageal leads of futter have
been studied in the past by Brown™ and
others, 16 317

Anatomic Relationship of Esophagus to Au-
ricles: To fully understand the significance of
the esophageal tracings presented in this chap-
ter, the reader should be familiar with the ana-
tomic relationship of the esophagus to the two
auricles and the interauricular septum. In
Figure 158, depicting a posterior view of the
mediastinum dissected from a cadaver with a
normal heart, the relationship of the esopha-
gus to the right and left auricles 1 shown.
The esophagus has been removed, the auricles
opened, and the location of the interauricular
septum and each auricle m relation to the
esophagus is seen. At the mid-auricular level
(30.0 to 37.0 centimeters from lips), the esoph-
agus is in close association with the left auricle
and is directly under the septum At the Jevel
of the extreme caudal end of the auricles (37.5
to 40.0 centimeters from lips), the esophagus
appears to be in more intimate contact with the
right than with the left auricle. At the level of
the cephalic end of the auricles (20.0 to 30.0
centimeters from lips), the esophagus is in con-
tact with only the left auricle, since the nght
auricle drops away anteriorly. The esophageal
leads, then, bear the same general relationship
to the auricles with reference to the interauricu-
lar septum as the precordial leads bear to the
ventricles with reference to the interventricular
septum. It is thus apparent that throughout the
(012-017) The second depolarization wave (¥ #2)
was mcomplete, 1t accounts for the remainng portion of
the circle When the component parts of the futter ware
are thus analyzed, the of Lewis’s calculations 18
obvious Lewrs, who did not distmguish the P and Ta

of the flutter defl hasc

on patts of two depolanzation waves, one repolanzation

wave and one soelectnie penod rather than on a smgle
depolanization wave
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pos-  the esoph
tetor yiew, showing the rlationship of the esophagus to

the wundes Esophagus has bren tesected and each auncle  auncle
opened The area formerly occupred by the duaph

Figure 158 Th s of auncles and csoph

Ties directly over the midportion of the inters
auncular scptum and over the eephahe portion of the left
At the lower pm of 1ts course, just above the
15 the appears o be closer to the right
dehincated by @ dotted hne When seen i postenor view, auncle than to the left
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fii-

P’ 0z

Ta

' SEGCONDS

Figure 157, Momentary atrial electnical aves
from a patient with heart block and the com-
mon type of auncular flutter The momentary
atnal electrical axes of the P’ and Ta waves
were calculated. As in Figure 156, the P' wave
rotates 1 a cephahic direction through a dis-

tance of 20° between II— and i~ The Ta
wave rotates only about 30° and travels m
the general direction of I1T4 (a caudal direc-
tion). The electrocardiograms were enlarged
10 times m order to caleulate these axes
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PULMONARY
YEINS

LEFT AURICLE

MITRAL VALVE‘

LEFT VENTRICLE

Figure 158 Th hs of suncics and h pos- the h lies durectly over the midportion of the mtere
tenor view, showing the relabonship of the esophagus to  auricular septum snd over the cephalic portion of the left
the auncles Esophagus has been resected and each auncle  auncle At the lowtr part of its course, just above the
opened  The area formerly occupied by the h: s d the appears to be closer ta the nght
delneated by a dotted ne When seen 1 posterior view aundle than to the left
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Figure 159 Tracings from five [utlbn(s re-

and 8 as eremplified m the
shown be-

P’ waves m leads 2
dard hmb leas

corded from clectrodes i the ap-
proxmately 375 to 40 cr. from the Iips This
portion of the esophagus lies dircetly postenor
to the caudal region of the auricles. The patients
evhibit the common type of flutter with msverted

Note that 1n cach tnstance the traemg from
this low auncular level dusplays a pegatne de-
Hectian, indicating that the mpulse starts at the
caudal end of the auncles

low
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Figure 160 Esophageal electrocardiograrns of the
common type of futter recorded fram electrades
85 to 375 em from the hips (This portion of the
esophagus hes immediately pastertor to the md-
porbion of the auncles ) Cases 1 through 3 same
as sn Figure 158 In each tranng from this md~

auncular Jevel a distinet posiive deflection pre-
cedes the negatve deflection indicating that the
smpulse started at the caudal end of the auncle,
passed the electrode and traveled toward the
cephalic end of the auncle. Below 1s standard
bmb lead electrocardiogram from one of these
patients
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Figure 161. Esophageal tracings of the common
type of flutter recorded from electrodes approvi-
mately 8¢ cm. from the lips This portion of the
esophagus hes directly under (corresponds to)}
the cephalic end of the auricles Same patients as
mn Figures 159 and 160 In cach instance the
tracings from this lngh auncular level displays a
primary positive deflection, mdicating that the 1m-

pulse travels toward the electrode during most of
its course The impulse of the common type of
futter thus starts at the caudal end of the auricle
(Figure 159), traverses the mud-auncular region
(Figure 160) and reaches the top of the auncle

(Figure 161) The standard hmb lead electro-
cardiogram shown below 1s from one of these
patients



Figure 162 Sunuttoneous esophageal feads from
three auncular Jevels {E 325, E330 E 375)
a patient with the corumon type of flutter (rate
300 per munute) A pure negatwe suncular de-
flection 15 recorded from the electrode over the
caudal end of the auncle {E 37.5). In the trac-
wngs from higher levels the negative deflection 15

_ TER
SPONTANEOUS AURICULAR FLUT

S s oevsveis: s

preceded by a posive deficetion; the tracing re-
corded over the cephalic end of the ausicle s
completely postive The ntriasic deflections at
successively agher levels are secorded 2t progres-
snvely Jater penods Thus the ectopic focus 1s at the
caudal end of the auncles and the impulse travels
s a caydocephalic direction, Standard hmb Jeads
are shown at lower nght.

163
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greater part of its course adjacent to the auricu-
lar structures, the esophagus must receive im-
pulses from both right and left auricles. Esopha-
geal tracings recorded from an electrode ap-
proximately 35.0 to 40.0 centimeters from the
lips reveal the electrical events occusring at the
caudal end of the auricles; electrodes 325 to
87.5 centimeters from the lips register events
in the mid-portion (body proper) of auricles;
electrodes approximately 30.0 to 850 centi-
menters from the lips record events in the ce-
phalic end of the auricles.

Form of the Auricular Deflections in Esoph-
ageal Lead Electrocardiograms: The interpre-
tation of esophageal lead electrocardiograms
from man js based upon the same principles of
unipolar electrocardiography applied in our
analysis of direct auricular lead tracings from
animals (Chapters I, II, III, IV and VI).

According to these concepts, the exploring
electrode faithfully records electrical events in
the portion of the auricle overlying it; the po-
tential from the indifferent electrode 15 mini-
mal.*® ®* The polarity of the electrodes is so
arranged that an impulse traveling away from
the electrode (i.e., the electrode faces the tail
of the wave) registers a negative deflection, an
impulse directed toward the electrode (elec-
trode faces the head of the wave) registers a
positive deflection. If an impulse starts at one
end of a linear strip of muscle and travels to
the other end, the electrode at the center of
the strip registers a positive deflection until the
impulse passes beneath it; at this moment the
deflection becomes negative (Figure 5, Chapter
1). The sharp downward deflection recorded as
the impulse passes beneath the elcctrode is
known as the intrinsic deflection.

In the following studies, the esophageal elec-
trode is the exploring electrode; electrical ac-
tivity in the adjacent parts of the auricle is re-
corded from it.

The esophageal lead electrocardiograms from
seven of the patients with flutter described in
this chapter are almost identical in appearance.
The P’ deflection is deeply inverted and the Ta
wave is upright in leads 2, 8 and AVF. These

cases represent the common type of flutter
characterized by inverted P’ waves in leads 2, 3
and AVF (Chapter IX) and are considered as
a group. The eighth and ninth cases represent
an uncommon variety of flutter in which the
P wave is upright in leads 1 and 2; these rec-
ords are considered separately. Lastly, the sare
occurrence of both the common and uncommon
types of flutter in the same patient is described.

OsservaTION 2: CONFIGURATION OF THE
Avnicurar DEFLECTIONS IN ESOPHAGEAL LEaD
Erectrocarpiocnanms oF THE Coseatox Tire

oF Crinicar Avricurar FLuTTer

A pure negative auricular deflection was al-
ways recorded from the esophageal electrode at
or below the caudal level of the auricles in each
of the seven patients exhibiting the common
type of aunicular flutter (electrocardiograms of
five of the seven cases are shown in Figure 159).
In esophageal tracings from higher levels adja-
cent to the body of the auricles, the negative
wave was preceded by a small positive wave.
In tracings from successively higher levels, the
positive wave was progressively larger (Fig-
ure 160), In esophageal lead tracings recorded
at or above the cephalic level of the auncles
the P’ wave was entirely upright; the inverted
portion had completely disappeared (Figure
161).

Figure 162 shows three simultaneous esopha-
geal leads from different levels in a patient with
the common type of flutter

Significance of the Pure Negative Deflection:
In the light of the principles of unipolar elec-
trocardiography discussed above, 2 pure nega-
tive deflection 1n the esophageal lead from the
low auricular level indicates that the impulse
arises from an ectopic focus at or near this re-
gion, and travels away from the point of origin.
In the group of patients exhibiting the common
type of flutter, therefore, the candal end of the
auricle must be the site of the ectopic focus.

During our experimental study of futter in
dogs, the caudal end of the auricle was by far
the most susceptible area for the production of
futter. Thus in both man and dog these appears
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to be predilection for the developmen? of a flut-
ter focus in the caudal end of the auricle. )

Significance of the Biphasic Deflection:
When the electrode is raised from the esopha-
geal region adjacent to the caudal .end of the
auricle to a position behind the auncu\a\: body
(Figure 162), the negative deflection in the
tracing is preceded by a positive wave. The de-
flections in tracings from this region are essen-
tially biphasic in configuration. As pointed out
above, the pright deflection indicates that the
mpulse is moving toward the electrade from its
site of origm m the candal part of the auricle.
After the impulse passes beneath the electrode
and contmues in o cephalic direction, the elec-
trode faces the taid of the impulse and a nega.
tive deflection is recorded. The intrinsicoid de.
Bection occurs at the wstant the mmpulse passes
beneath the electrode.

Significance of the Positice Deflection: Trac-
ngs from electrodes at the cephalic level of the
auricles (Figure 162) consist of pure positive
deflections; such waves are in opposite direction
to those obtained at the caudal level of the au-
ncles A purely positive deflection shows that
the impufse at alf times is traveling toward the
electrode and never away from it. Since no

an

[ .

s b Wi cephalic region of the auncle, If
the impulse continved to travel (as it necessar.
iy would if a circus movement were Ppresent)
it would soon be moving away from the elec.
trode (caudally) ang a vegative deflection
would be recordeg,

The above analysts of the shy
deflections 1n esophageal leaqd electrocardio.
grams from seven patients warrants the follgw.
Ing conclusions. The waye of depolarization in
the common type of flutter 1 man orisinate. <s

i e .

pes of auricular

e from
in man

is similar to the course of the contraction and
excitation waves of cxperimentally produced
flutter in dogs (Chapters V and VI).

Ossenvamox 3: Turorericat. Farst oF mie
ESOPIACEAL LkaD ELECTROCARDIOGRAM
or it Coxmox Type oF AuvmicuLan Frurren
¥ “Crreus MovemENT”

The original concept of the circus mm'cm’Cn't
postulates that onee the flutter thythm s ini-
tiated the movement of the cardiac impulse
continues in an unbroken circuit without begin-
ning or end. Therefore, the tracings from elec-
trodes at all points on the main pathway should
be identical. In Chapters V and VI the fact
was established that this does not hold true in
the dog; cotresponding observations reported in
this chapter demonstrate that it is also untrue
m man. Definite and predictable variations in
the auricular deflections regularly accur in di-
rect auricnlar leads in the dog and in esopha-
geal feads in man, Similar variations are also
scen in Lewis” records from dogs and in trac-
ings from esophageal leads in man recorded by
other workers,

In order to meet this objection to the original
circus movement theory, Wilsor %8 suggested
the possibility that auricular flutter consists of
a circus movement which begins ancw at the
same ectopic focus with each eirenit; in other
words, 3 separate impulse issues from the ongi-
nal focus at the onset of cach cardiae eycle and
travels along a cireus pathway, terminating
upon completing the circuit, Barker, Wilson
and Johnson = believed a similar mechanism
migh.t’ bc present in tachycardia, If aither
Le\:nx original circug movement thcory or Wjl.
Son's suggested modification thereof were cor-
Tect, ﬂfe fallowing theoretica] assumptions
concerning the form of the auricular deflection
n esophagea} Jeaq erectmcardiograms of the
corlnm;m type Off flutter should prove true,

L tracmgs from 4
placed neargthe fzrcr; s'm esophageal electrode
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Figure 163, Hypothctical drawing, showing form of the
auricular deflection i an esophageal electrocardiogram
from the level of the caudal end of the auncles as 1t
would appear if a arcus movement were present. The
ectopic focus as represented by a star as at the candal
end of the auncles. R 1 1 de 15 xe d

by “E."

As the impulse traveled toward the cephalic end a
negative wave would be recorded (1). As the impulse
returned to complete the hypothetical circurt, 1t would
travel toward the electrode and would mscnbe a posi-
tive deflection (2). Thus, the resulting wave would be
biphasic. In seven of the type of
flutter examined by esophageal leads, the tracings from
low auncular levels were purely negatune, the positive
wave (shaded) portton of the hypothetical deBlection
was never recorded Hence, the impulse did not return

to the focus

bered that the electrical events in both auri-
cles are recorded from the esophagus. Therefore,
on the hypothetical return journcy down the
other auricle the oncoming wave would be
faced by the clectrode, a positive deflection
should then appear and become progressively
larger as the wave approaches the focus (Fig-
ure 163). In fact, no such positive wave occurs,
the deflection recorded by the electrode at the
level of the focus is completely negative. Hence,
the impulse does not return to the focus and no
circus movement is present.

With the electrode in mid-auricular position,
the impulse would register a posthve deflection
on its journey from the caudal focus untdl it
reached the level of the electrode (Figure 164).
A negative deflection would then be inscribed
as the impulse traveled from the level of the
clectrode to the cephalic end of the auricle,

THE AURICULAR ARRHYTHMIAS

completing the first half of the hypothetical
cireuit (Figure 164). On its return journey, the
impulse would turn downward; a positive de-
flection would be recorded until it reached the
level of the electrode, then a negative deflection
as it continued to travel back to the focus. If
the flutter impulse pursued a circus pathway,
therefore, each auricular complex in esophageal
electrocardiograms from the mid-auricular Jovel
would consist of a series of two positive-negative
waves (positive-negative, positive-negative).
The second “positive-negative” does not oceur.
Hence, there is no return journey.

With the electrode at the cephalic level of
the auricle, the impulse traveling upward from
the focus would register a positive deflection
until 1t reached the level of the electrode
{Figure 165). If the impulse then returned to
the focus, it would register a deep negative de-
flection as it traveled down the auricle away
from the electrode. No negative deflection is
recorded from electrodes at the cephalic level.

Figure 164 Theoretical form of the esophageal clectro-
d rom an el de “E” at the mid lar Jevel
if cifeus movement were present  Focus 1 at the caudal end
of the aurcles. As the mmpulse traveled m a ccphalic direc-
tion from the facus as represented by star, a positive deflec-
tion would be recorded (1), after the impulse had passed
the electrode 1t would register & negatne wase (2). As the
mmpulse returned to complete the hypothetical eircuit these
events would repeat themselves, 2 second postne wave
(3) would appear as the impulse approached the electrode
on the return pourney, followed by a negative ware
as the mmpulse agatn passed the electrode and neared ':lle
site of ongin Only the Grst posttise and negatine waves
are, s fact, recorded, the second positive and negatne
waves {shaded) do not occur Therefore, the mmpulse does
not retum to the focus
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Therefore, the mmpulse must termifm!e at the
cephalic end of the auricles, no circus move-
t is present.
meIr:‘ surlr)lm:sry, in the common type of ﬂumz.:
the impulse starts at the caudal end of the auri-
ele, reaches the top of the auricle, and termi-
nates In the seven inStances of spoutaneous
futter in man d by means of esophageal
leads as described above, no evidence was
found to suggest that this movement represents
the first haif of a circle. Esophageal leads of
Futter vecorded by others likewise exhubit the
simple waves observed 1n these seven instances.
To our knowledge, none of the complex deftec-
tions which would hiave to be present if a careus
movement custed has ever been described.
The course of the fmpulse in the common
type of flutter in man as traced with esophageal
Yeads from the caudal, cephalic and md-auricn-
lar levels 15 identical with the course of the im-
pulse 1 a simple muscle strip activated at one
end and traced with electrodes at each end and
at the center (Figure 166) The smplicity of
the course of the futter wave in man is thus
evident Like the excitation waves of normal
sius rhythm, auricular premature systole and
paroxysmal tachycardia, the flutter wave pur-
sues a linear path

OsservaTioN 4 TIME oF ONSET OF Tk
Tryravsicom DEFLECTIONS 1% THE ESOPHAGEAL
Leap ELECTROCARDICGRAM OF THE CoMyoN
Tyee oF Curvical. Avmctran Frorms

In six patients exhibiting the common type of
auricular ﬁuuer, the evcitation wave was an-
alyzed by d i dff m the time

Fagure 165 Theorctical representation of the auncular
deflection from an electrode in the esophagus at the
level of the extreme cephahic end of the aundles as it
woull appeat if 3 circus movement were present, Flutter
focus is at the caudal end of the auricle. As the impulse
trn cled from the focus to the electrode o postive wave
(1) would be mwcnhed  ds the tapulse then feft the
cephalic end of the avricle and retumned to the canda)
end a negabve wave {2} would be recorded. n esopha-
geal traongs from ngh auncular levels in all of seven
patients studied, only the postise wave was found, the
negative {shaded) poriion was noneustent. Therclore,
the ympulse traveds from the caudal to the cephalic end
of the aurcle where it ferminates, it does fiot return to
the focus.

deflection represents the onset of the excitation
wave, it occurs at 0.00 second. The intrinsicoid
Jefl ogeur p 1y later in the rec-
ords mscribed from successively higher auricu-
lar levels {Figures 162 and 167). The intrinsi-
coid deflection from the cephalic level of the
auricle appears 0.04 to 0.08 second later than
that fram the candal Tovel of the auricle. The
impulse therefore must travel fro

focus at the ca
Jocel

m the ectopic
udal end of the auricly in a

of onset of the intrmsicoid deflections from elec-

trodes m varying esaphageal positions. In two

:ub;c:cts four esophageal Jeads were recorded

ly Inthe ing four patients

three esophagea) leads were recorded from vari-
ous hageal levels | with le

ad

AVFE, lead AVF was used a5 a reference point

for purposes of tuning.

As reported above, a pure negative deflection

15 recorded m esophageal tracmgs from the

caudal Ievel of the auncles, since this wtrinsic

palic direction until it reaches the ce-
phalic end.

This conclusion regarding the course of the
flutter wave as determined by timing the onset
of the intri id deflections i simult
recorded esophageal lead tracings is iden\ic::l
with that derived from an examination of the
configurations of the auriendar deflane - -

Varese ~-- Y
an ’ '
tio - .
th - . ‘
T e W UIE common type of
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Figure 163. Hypothetical drawing, showing form of the
aaricular deflection m an esophageal electrocardiogram
from the letel of the caudal end of the auricles as it
would appear if a cirecus movement were present The
ectopic focus as represented by a star 1s at the caudal
end of the auncles Record ) de is
by E "
As the impulse traveled toward the cephalic end a
negatine wayve would be recorded (1) As the impulse
d to lete the hypothetical cirewnt, it would
travel toward the electrode and would mseribe a posi-
tive deflection (2). Thus, the resulting wave would be
biphassie. In seven instances of the common type of
flutter examined by esophageal leads, the tracings from
low auncular levels were purely negative, the positive
wave (shaded) portion of the hypothetical deflection
was never recorded Hence, the mmpulse did not retum
to the focus

bered that the electrical events in both auri-
cles are recorded from the esophagus. Therefore,
on the hypothetical retum journey down the
other auricle the oncoming wave would be
faced by the clectrode; a positive deflection
should then appear and become progressively
larger as the wave approaches the focus (Fig-
ure 163). In fact, no such positive wave occurs;
the deflection recorded by the electrode at the
level of the focus is completely negative. Hence,
the impulse does not return to the focus and no
circus movement is present.

With the electrode in mid-auricular position.
the impulse would register a positive deflection
on 1its journey from the caudal focus until 1t
reached the level of the electrode (Figure 164).
A negative deflection would then be inscribed
as the impulse traveled from the level of the
olectrode to the cephalic end of the auricle,

THE AURICULAR ARRHYTHMIAS

completing the first half of the hypothetical
circuit (Figure 164). On its return journey, the
impulse would turn downward; a positive de-
flection would be recorded until it reached the
level of the electrode, then a negative deflection
as it continued to travel back to the focus. If
the flutter impulse pursned a ecircus pathway,
therefore, each auricular complex in esophageal
electrocardiograms from the mid-auricular level
would consist of a series of two positive-negative
waves (positive-negative, positive-negative ).
The second “positive-negative” does not occur.
Hence, there is no return journey.

With the electrode at the cephalic level of
the auricle, the impulse traveling upward from
the focus would register a positive deflection
until it reached the level of the clectrode
(Figure 165). If the impulse then returned to
the focus, it would register a deep negative de-
flection as it traveled down the auricle away
from the electrode. No regative deflection is
recorded from electrodes at the cephalic level,

Figwe 164, Theorctical form of the esophageal electro-
cardiogram from an electrode “E” at the mud-auncular Jevel
1f carcus movement were present. Focus 1s at the caudal end
of the auncles, As the smpulse traveled in a cephalic direc-
twon from the focus as represented by star, a positve deflec-
tion would be recorded (1), after the jmpulse had passed
the electsode it would register a negative wave (2). As the
1mpulse returned to complete the hypothetical crrewst these
events would repeat themselves, a second posuive wave
(3) wauld appear as the impulse approached the electrode
on the return journey, followed by a negatwe wave (4)
as the impulse agam passed the electrode and neared the
site of ongm Only the first posiine and negative saves
are, 10 fact, recorded, the second posmive and negatne
waves (shaded) do not occur Therefore, the smpulse docs
not return to the focus
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Figure 167 The direction of spread of the flutter

vave 53 determined by companng the tes of
et of tha wmnns - 4

electroc

w the

mtrmsic .
focus ac e Laudal end of the auncle, 3t 15 sec-
orded at time of onset 1 the cycle D00 second
The wtnasic deflections m the tracings from sue-

028 second. Hence, each cardiac cycle began
0.28 second mstead of 08 second after the onset
of 1ts predecessor Indeed, only 1f the auricular
rate were 750 per mmute would the P-P' inter-
val equal the calculated .08 second, yet such a
rate 15 far beyond the fibrillation threshold.
Sumlar inconsistencies between the hypothe-
tical and actual length of the PP mterval were
found in the five other instances in which cor-
responding measurements were made. These
findings are compatible with the existence of a
cireus movement only 1f the speed of the wave
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cessvely hugher levels occur progressivaly later,
the deflection from the top of the suncle 1s
recorded approumately 00¢ second alter that
from the bottom. Thus, the mpulse must start at
the caudal end and travel 1n a caudocephalic di-
rection This direction of progression of the flutter
impulse oceurs 10 all instances of flutter with in-
verted P’ waves 13 Jeads 2, 3 and AVT {common
type of Butter).

along one-half of the circuit (return journey) is
several times slower than during the other half
(forward joumey) or if a delay occurs between
the termunation of ane circuit and the beginning
of the succeeding circmt, The cinematographic

counterpart of these observations 1s detailed in
Chapter V.
-

Iy recording esophageal leads
from electrodes separated by fixed known dis-
tances, the approumate time required for an
excitation wave to travel a given distance in the
auricle can be determined. This is done by
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SPREAD OF IMPULSE
B

HUMAN AURIGLES WITH
GOMMON TYPE OF FLUTTER
(acTUAL)

. A
SIMPLE MUSGLE STRIP
. {THEORETICAL)

m
@&+

STIMULUS

Figure 166. (A) Demonstration of course of electrical impulse m a sunple muscle strip
Electrodes (E) are at either end and m the center of the stnip, the stimulus 1s applied at the
lower end {®). To the nght of the muscle stnp are depicted the shapes of the deflections re-

corded from each of the three electrodes.

(B) Three esophageal leads from a pattent with flutter Electrodes (E) are at low, mud
and huigh auncular levels The deflection from the low level 1s negative, that from nnd level
15 biphasic, that from the ugh level 1s purely postne. The forms of the deflections demved
from csophageal Ieads in flutter 1n man are identical with those m a single muscle strip,

The impulse 1 the common type of flutter in man 1s & simple wave which stasts at the
caudal end of the auncle and travels upward to the cephalic end in evactly the same manner

as observed n the antmal expenments reported 1n Chapters V and VI

flutter originates low in the auricles and travels
in a caudocephalic direction.

OBservATION 5: SreECD OF THE EXCITATION
Wave or THE Coxmyton TypE oF
AURICULAR FLUTTER IN Man

Lewis” theoretical circus pathway covers the
cephalocaudal length of the auricles plus the
caudocephalic length of the auricles. If the
flutter impulse traveled in an unbroken circuit
at a constant rate, as postulated by Lewns, the
interval between the onset of succeeding car-
diac cycles (P-F interval) would represent the
length of time in which the impulse completes
each circuit, or twice the time in which it

tiaverses the cephalocaudal length of the auri-
cles. As described above, in seven mstances of
the common type of flutter, the impulse was
found to traverse the caudocephalic length of
the auricles in approximately 0.04 to 0.06 sec-
ond (Observation 4). In none of these istances
did the P-P interval in the electrocardiogram
approxmmate .08 to 0.12 second, as 1t would of
Lewis’ assumptions were valid. For example,
approximately 004 second was required for the
impulse, to traverse the first half of the circus
pathway (caudocephalic length of the auricle)
in the instance of flutter dlustrated in Figure
168. In this instance the aurcular rate was
214 beats per minute and the P-P" interval was
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Figure 169 Esophageal electrocardiograms  of
an uncomwmon type of flutter, rate 215 {focus at
cephabe end of auncle). Lamb leads 1,2 and 3
below are charactenstie of a 2 1 futter with vp-
nght P' waves m Jeads 1 and 2 The esophageal
electrocardiggram from the electrode over the ce-
phahic end of the aumcle (E 80} s completely
negative In tracings from successively Jower Jevels
an upward deflection appeass and becomes pro-
gressnely larger, at E 45 the deflection 15 com-

focus 15 at the caudal end of the auricle, in the
uncommon type it 15 at the cephalic end.
Neither type affords evidence in support of the
cireus movement !heory.

O T: Ex

FeATURES OF A Case Exmmmine Born C‘;\mon
anp Uncodinton TYPES OF AURICOLAR FLUTTER
The above studies of esophageal lead electyo-
cardiograms of flutter have been concerned
mainly with the elucidation of the mechanism
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pletely posstive.

In this uncommon type of futter the impulse
travels from the ectopue focus at the cephalic end
toward the caudal end of the auncles, The course
of the impulse 15 thus in the opposite direction to
that found i the common type of flutter in which
the focus 15 at the caudal end of the auncles and
the 1mpulse travels in a cavdocephalic direchion
‘The P’ waves m standard hunb leads m the two
types sre alse apposttely diected  {Courtesy

Charles D Enselberg, MD )

fapransss s

of this arthythmia by following the course of
the wmpulse from a single ectopic focus. In the
following pages an instance of futter will be
considered m which the impulse was found to
arise at different times from two different foci
in the same patient.® On some occasions the
esophageal lead electrocardiogram revealed the
o e mematits =

The
Dss
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Figure 168 Demonstration, by timung the onsct of the in-
trnsic deflections, that a cireus movement 1n flutter 1s un-
likely. In this patient the flutter inpulse travels from the
caudal to the cephalic end of the auncles 1n 004 second
(sec Figure 167) If the impulse continued along the theo-
retical cireus pathway at the same speed 1t would retum to
the focus approumately 008 sccond after its departure
The P'.P’ interval actually 1s 0 28 second, hence, the suc-
ceeding mmpulse left the focus more than threc times later
than would be expected 1f a circus movement were present

dividing the distance between any two esopha-
geal electrodes by the difference in the time
at which the intrinsic deflections are registered
by the electrodes. For example, if the elec-
trodes are 5 centimeters apart and the intrmsic
deflection from one is recorded 001 second be-
fore that from the other, the mmpulse traveled
between the two electrodes at a rate of 5 centi-
meters per .01 second or 500 centimeters per
second. This method was used to compare the

speed of the excitation waves of normal sinus
rhythm and auricular flutter in man. In a sub-
ject with normal sinus thythm the speed of the
impulse was approximately 500 centimeters per
second; in a patient with the common type of
flutter it was roughly 125 centimeters per sec-
ond. Parallel observations on the difference in
speed of the contraction waves of normal sinus
rthythm and auricular flutter in animals were
made cinematographically (Chapters 1 and
V). This phenomenon was first observed by
Lewis. ¥

OssenvaTION 6: THE Esopracrar LEap
ELECTROCARDIOGRAM OF THE UNcoMMON TYPE
oF CLINICAL AURICULAR FLUTTER

Two of the instances of flutter included in
this study exhibit upright P’ waves in leads 1
and 2; such waves are directed exactly opposite
those of the common type of flutter and appear
in a relatively small percentage of patients
(Chapter X}. In this uncommon variety of
flutter the auricular deflections m esophageal
Tead electrocardiograms from the cephalic level
of the auricles are completely negative; those
from the mid-auricular level are biphasic with
an initial positive deflection followed by a nega-
tive phase, those from the lower auricular levels
are completely upright {Figure 169). Thus the
auricular deflections in esophageal leads, like
those 1 the limb leads, are in exactly opposite
direction to the deflections of the common type
of flutter.

By comparing the times of onset of the n-
trisic deflections in various esophageal leads as
described earlier, the mmpulse n these two in-
stances of the uncommon type of flutter was
found to travel the length of the auncle in a
cephalocaudal direction. Thus the course of the
impulse in this type of flutter is directly oppo-
site that observed 1n the common type. In both
types, the time required for the impulse to tra-
verse the length of the auricle was approxi-
mately 0.04 second.

The basic difference between the common
and uncommon types of flutter is the location of
the ectopic focus. In the common type the
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figure 171, Esophageal and hmb lead electrocar-
diograms vecorded on March 15th from same pa~
tient as i Figure 170, Uncommen type of flutter
§s present The ectopic focus 18 at the cephatic end

ance of complete heart block. Since August 23,
1949, tracings have shown auricular flutter in
addition to heart block.

\Vhen the patient was first examuned in this
laboratory on March 5, 1930, 9% months after
the onset of the diphtheria, an electrocardio-
gram exhibited the common type of flutter with
mierted P waves in leads 2, 3 and AVF; the
aurjcular rate was 214 beats per minute (Figure
170). Esophageal leads taken on that day
showed pure negative deflections from the
caudal level of the auricle (E 37.5) and com-

of the auricle (E 325) and the impulse travels in

a cephalocandal direction The I* wases are up-

nght in Jeads 1, 2, 8 and AVF  Aunculo-ventrieu-
lar block s still present

pletely upright deflections from the cephalic
level (E 80), indicating that the flutter was of
the common type in which the impulse starts at
the caudal end of the auricle and travels in a
caudocephalic direction (Figuse 170).

On March 15, the electrocardiogram pre-
sented o remarkable change. The auwricular 1ate
was still 214 beats per minute, but the P’ waves
had become upright in leads 2, 3 and AVF
{Figwre 171). 1n the esophageal leads pure
negate deflections were obtamed from the
cephalic level of the auricle (E 82.5); the de-
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Figure 170 Tracings from unusual pattent alter-
nately display and types of
flutter. Esophageal and Imb Jead electrocardio-
grams recorded on March 5th, the common type

common type of flutter (from a focus at the
caudal end of the auricle); on another occasion
the uncommon type (from a focus at the ce-
phalic end) was present. An additional feature
of this case enhancing its value for study pur-
poses was the stmultaneous occurrence of com-
plete auriculo-ventricular block as a result of
which the aunicular deflections could easily be
seen.

The patient was a 37 year old female whose
general health had been satisfactory until May

of flutter, rate 214, 1s present The ectopic focus
1s at the caudal end of the auncles (E 87.3) and
the ympulse travels n a caudocephalic direction
Note inversion of the P’ wave mn leads 2, 3 and
AVF  Aunculoventricular block 1s present

20, 1949, when she contracted diphthena which
responded to treatment with antibiotics and
antitoxin. Five months later she experienced
subjective cardiac symptoms for the first time.
Congestive heart failure was dirgnosed and
proved highly refractory to treatment.

On May 27, 1949, during the first pertod of
hospitalization, an electrocardiogram was nor-
mal. A tracing recorded three days later showed
left bundle-branch block and a wandering pace-
maker; this was soon followed by the appear-
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Gections from successively lower levels were pr;\)-
gressively more upright ond these from the
caudal Jevel (E 37.3) were cmnplete}y posm) e,
Obviously, the ectopic focus on this occasion
\was located at the cephalic end of the auncles
and the course of the impulse was in 2 cephalo-
caudal direction Associated with this change
were upright ' waves in Ml three standard limb
leads (Figure 171},

Another feature in this case is worthy of note.
On two occasions (March 7 and March 17)
extremely sfow suricalar Tates were found,
approdmately 30 beats per minute, {Figwre
172C). In tracings recarded on both these
oeeasions P’ waves were present and were of the
same two general types recorded dunng the
episodes of futter, namely, upright (uncom-
mon type) {Figure 172A) and inverted {com-
mon type) {Figure 172B). Ta waves, which
were clearly visble in the other tracings of
flutter (most marked in the common type),
were ot inscribed dunng the slow-rate epis
sodes No subjective sympioms were experi-
enced by the pabent during the changes in
thythm.

In summary, the record of this patient js -
structive from three standpowts: (1) The twe
most frequently encountered types of futter
were seen to oceur in the same patient. {2) The
two ectopie focs responsible for the two types
of flutter were also active at slow auricolar rates.
It is evident that durnng the slow-rate intervals
the facu at the caudal and cephalic ends altes-
nated as cardiac pacemakers; dwng the rapid-
rate (flutter) episodes one fucus was more ac-
tive than the other and dominated the auncular
thythm  {3) Tz wases were defintely present
during the fast-rate (Butter) episades but were
absent when the rates were slow. Thys fact
demaunstrates the effect of auricular rate on the
production of Ta waves in both the common and
wncommon types of Butter

THE PRECORDIAL
CARDIOGRAM
AURICULAR

LEAD ELECTRO.

OF SPANTANEQUS

! FLUTTER IN MAN

) When kirge P waves with clearly discermble
intnnsicord deflections are recorded from mul-

o m
tiple precordial leads, the time of ur}se( of eacli
mtrinsic deflection can be determined and a
map constructed which shows the course of the
excitation wave. An area on the chest which
yields a pure negative deflection must first be
found. As esplained above, this area corres-
ponds to the ectopic focus; the jmpulse passes
beneath it at 0.00 second. The times of onset
of the intonsic deflections obtained {rom the
000 point and from any other point on the chest
are then compared by using 2 simuitaneously
recorded himb lead as a reference point. Thus
the relative times at which the impulse passes
beneath variows powts on the chest is deter-
mined,

Unfortunately, in most electrocardiograms
from patients with flutter the intrinsicoid deflec-
tions in chest leads are either invisible or too
indistinct to permit such study. o the present
series only two pattents exhibited clear intrinsi-
caid deflections in precordial leads; both dis-
played the common type of futter, as evidenced
by the sharp, completely negative deflections
from the lower end of the esophagus. In the
precordial electrocardiogram pure negatie de-
flections were found in each instance in the lead
from the lower end of the stermum {V). By
measuring the times of onset of the intrinsicoid
deflections m the multiple precordial leads and
using a simultaneously recorded fead AVF or
Jead 3 as a reference point, the course of the im-
pulse was mapped on the chest of each pabent
{Figure 173). From the ectopic focus (point
9 00) beneath the lower end of the sternum, the
impulse traveled outward and upward in all
acailable directions, reaching aveas in the chest
equxdis}ant from the focus at approvimately the
same time.

But}§ patients had auricular rates of 300 beats
per minute; hence the PP’ mterval was 0.20
si’mnd‘ It the wmpulse traseled around the z;u-
t;“k’»s ‘C\}M\g A vircus pathwav in Don oo >

vt voenwise direction) would
I(’}feff;‘)gg‘esi ac:; successively later moments ynti)
mpleted the cirount at 0.20 sec.
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Figure 172, Standard hmb leads 'md lead AVF from same
patient as m Figures 170 and 1

{A) March 15th. Unmmmon type of futter with vp-
nght P’ wave m leads 1, 2, 3 and AVF

(B) March 5th Common type of flutter with -
verted P' wases 1n leads 2, 3 and AVT, Ta waves are pres-
ent and gne tracmng typical undulatory appearance of

flutter

(C) March 7th  Auncular rate has slowed to about
30 beats per nunute Two types of P’ waves are present,
upnght and muerted, these are wdentical with those found
when flutter was present (A and B) When the rate 1s
slow as i C, the first P’ wave 1s typical of the uncommon
type of flutter and has the same configuration as 1 A,
the second and third P’ waves are charactenstic of the
commen type of futter and have the same configuration as

mn B Note that the Ta waves have disappeared
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Fogure 174 (A) Forus {*) 15 directly beneath the lower end of the
steranm (pownt 000). Ta this patient auncular rate was 300 heste
pef mute. An impulse followmg A ret

argund tha~ - %

do

ch

wuese vA e futter smpulse, determned by timing

the mtnnsic deRections, 15 shown 1 Figure 173 The impulse raduates

concentncally from the pownt of complete negatiity {000}, teaveling
in all available dizections,
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Figure 173 Chest leads from a patient exlubiting the common type of flutter with clear

wtrnsicord deflections. The focus 1s directly beneath the lower end of the stemum, as

evidenced by the pure negatne auncuiar deflection recorded from this stte (000}, The
1

vertical hne in each was obtaned from a fixed ref pomt 10

lead AVF (nght lower msert) Note that the mtrnsicord deflections occur later and the
deflections assumie mncreasing degrees of positnity as the cardiograms are taken from
areas more distal from the focus The patient alo displays nght bundie-branch block

ond (Figure 174A) . As shown m Figures 173
and 174B, no such phenomenon occurred; on
the contrary. the time values varied dircetly
with the distance of the electrode from the ec-
topic focus. Thus only evidence inconsistent
with a circus movement is found in the precord-
ial electrocardiograms of the two instances of
futter in which auricular wtrinsic deflections
from precordial leads could be studied

COURSE OF THE EXCITATION WAVE QOF
PAROXYSMAL AURICULAR
TACHYCARDIA IN MAN

Experimentally produced auncular tachy-
cardia in animals (Chapter III) has been found

to conswist of rapidly recurring waves arising
from an ectopic focus and spreading m all avail-
able directions simultaneously Identical obser-
vations on the nature of tachycardia were made
in human subjeets in whom the arrhythmia was
produced experimentally during surgical pro-
cedures in the thorax (Chapter IV). As noted
in Chapter III, workers are not yet m complete
accord concermng the mechanism of clinical
tachycardia; some believe a circus movement is
involved, others do not In the present wvesti-
gation the mechanism of tachycardia n man
was studied by the same methods of esophageal
lead electrocardiography apphed to climical
flutter.
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common type of fluter as shown in Figures 167
and 170 In hoth instances the auricular deflec-
tions clearly indicate that the impulse starts
at an ectopic focus at the caudal end of the
auricle and travels toward the cephalic end,
In auricufar paroxysmal tachyeardia, as in flut-
ter, the greater the distance between th.e
esophageal electrode and the facus, the late\.' is
the time at which the intrinsicoid deflection
from the electrode is recorded. Thus, in both
arthythmias the impulse starts at an ectopic
focus and travels away from that focus mn all
available directions, In neither arrhythmia is
there evidence of circus movement.

The electrocardiograms from esophageal
leads m tachycardia in man are identical in
form whether the arthythmia occurs spontane.
ously or is experimentally produced {Chapter
V)

DISCUSSION

The foregoing studies of Rutter and tachy-
cardia m esophageal leads from bumans, when
correlated with our emematographic and elec.
trocardiographie observations of these arthyth-
mas in animals (Chapters V and V1), indicate
that the waves of the twa arthythmias travel in
the same marmer in man as in the dog. The
wave of flutter established at the caudal end
of the auncles of dogs travels jn a caudoceph.
alie direction in the right and Jeft aurieles and
the septum simultaneously. In man, despite
comphicated anatomic relationships, the flutter
wave in esophageal lead electrocardiograms
from various auricular Jevels edhibits a gradual,

change m configuration (sunmlar to
a simple muscle strip) as the recording elec-
trode 15 moved beneath the auricles fram one
auncular extremity to the other, This is true

whether the mpulse anses from 4 focus at the
cephalic end of the auricles an

or whether 1t anses at the caud
cephalad The eircns MOveTn
lates that the course of the fl
auricle 15 different, that it try
auncle and downwarg i
change i direction of the

Prog

ent theory posty-
utter wave in each
vels upward in one
the other. Such a
mptlse would neces.

sarily be reflected in an abmpt‘ rcvcrsalv in
direction of the electrocardiographie dcﬂc?!mns
in esophageal leads from different nuncu‘lnr
Jevels. No such change in direction of the im-
pulse is recorded. Our analysis of esnphag‘c::!
fead tracings clearly demonstrates that each im-
pulse originates at the focus and travels ont
over hoth auricles.

SUMMARY AND CONCLUSION

The excitation waves of aurcular Jutter and
auricular paroxysmal tachycardia in man have
been studied by means of esophageal and mul.
tiple precordial lead electrocardiography. The
excitation waves of the two arrhythmias in man,
as in the dog, are identical in that in each in-
stance they arise from an ectopic focus and
travel in all mvatable directions simultancously,
No circus movement occurs,

Lewis calculated the course of the flutter
wave in man from the momentary attial elec:
trical ases and believed he had demonstrated
that the impulse traveled conti ly in a
cireular manner around the auricles. Lewis
was unaware of the fact that the fluter wave
consists of a P’ wave of depolarization and a Ta
wave of repolatization, When his data are re-
evaluated to include only the wave of excita-
tion (P, it is shown that the course of the
Butter wave in his patient did not pursue a
circus pathway,

Esophageal tracings were recorded from the
levels of the caudal, the middle and the ceph-

alic portions of the auricles in each of 10 jn.
stances of chnical fly

auricle, biphasic deflections fy
> i rom
the mid-auricular level, and pure positive de-
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{E 30,E35and E 40) m a

Figure 175 Thrce 1l

patient with auncular tachycardia. At E 40 a pure negative deflection 15 present At E 35

the negative deflection 1s preceded by a posiive wave. At E 30 only a positive deflection 15

present, In this mstance the mnpulse starts at the caudal end of the auricle and travels m a

cephalic direction For reasons gmiven in the tewt, eustence of a puxe positive deﬂecuon at

E 30 precludes the possibility of a circus as the h

tachycardia. The P waves are mverted 1n the standard limb leads and Iead AVF (below nghl)
just as m auncular flutter from the candal end of the aurncles

The hterature contains many examples of
esophageal lead electrocardiograms of tachy-
cardia m man ™ 8 165 263 Additional esopha-
geal tracings of both spontaneous and experi-
mentally produced tachycardia (Chapter 1V)
have been gathered from our own patients Ex-
amination of all these records consistently re-
vealed that the auricular deflections of clinical
tachycardia have the same configuration as those
of flutter except for the usual absence of Ta
waves. In both the spontaneous and the experi-

mental vaneties of human tachycardia the auric-
ular deflection in esophageal leads is erther a
simple negative, a biphasic, or a simple upright
deflection. No complicated multiphasic deflec-
tions (such as the series of the two positive-
negative waves described on page 168), which
would have to be present if a circus movement
existed, were found. The record i Figure 175
is typical of that obtained from esophageal
leads in human tachycardia and 1s analogous to
the record from the corresponding study of the



CHAPTER IX

Further Clinical Observations On Aurcular Flutter and Tachycardia

T Exacr criteria for a specific diagnosis of
flutter, and less often of rachycardia, vary con-
siderably in different clinics and in different
texthooks. Tndeed, one authority will Label a
record as futter, while an equally competent
cardiologist will interpret the same or an iden-
tical record as tachycardia. This chapter pre-
sents {1} a eritical discussion of current eorl-
tena for the diagnosis of auricular tachycardi

Tachycardia would be present while the au-
ricular ¥ate was 200 beats per minute and flut-
ter while the rate was 300 beats per minute.
Such examples d rate the worthl
of a distinction based on rate alone (Figure
176).

Configusation of Auricular Deflection: Other
cardiologists stress the shape of the auricular

and fluster, and {(2) 2 proposed classification of
futter and tachycardia designed fo minimize
present confusion,

PREVAILING CONCEPTS CONCERNING
THE DIAGNOSIS OF FLUTTER

The following enteria have become more ar
less established in vanous clnies.

Auriculor Rofe: The statement has been
made that flutter cannot exist unless the auric-
ular rate 15 950 or more beats per minute; if the
rate is slower, the arthythmia 15 diagnosed as
tachycardia,

This arbitrary dwvision based on rate is
erroneous. We abserved a patient with flutter
in whom the auricular rate increased gradually
from 200 to 300 beats per minute during the
same paroxysm In four other instances simnilar
varfations m rate were noted during a single
P The el di recorded
throughout a given paroxysm were virtually
wdentical except for the changes 1n rate and the
presence of Ta waves duning the more rapid
phases of activity, According to the aforemen-
Yioned eriterion, these patients would have two
separate arthythmas during the same parox-
ysm as a vesult of o simple change in rate.

1183

deficetion in the diag; of the arthythmia.
I the record has an undulating, never-resting
appearance, even if the rate is comparatively
slow,, the disturbance is considered to be flutter.
On the other hand, if the P’ wave is followed
by an isoclectric period and has little or no un-
dulation, even if the rate is rapid, these cardi-
ologists make a diagnosis of tachycardia.

In our experience this differentiation is mean-
ingless. It is generally true that the faster the
rate, the more conspicuous is the Ta wave and
the more prominent the undulation. However,
we have seen electrocardiogyams in which the
undulations are present in some leads and ab-
sent in other leads recorded during the same
attack, Figure 177 shows the record from a
patient with complete heart block and an au-
ricular thythm from an ectopic focus at a rate
of 165 beats per minute. Undulations are
present in lead V, but ahsent in lead 3. Ob-
viously, the patient cannot have Hutter (lead
Vi) and tachycardia (lead 3) at the same rate
during the same attaek.

Figure 178 is the record from a patient with
flutter at a rate of 214 auricular beats per mine
ute. In lead 1 there are only P’ waves followed
by isoelectne perieds, whereas in

by froclect . simultaneously
ecorded lead 8 typical undulations are present,
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ricles, travels in a caudocephalic direction and
terminates at the cephalic end of the auricles.

A second group of two patients represented
the uncommon type of flutter in which the P’
waves are upright in limb leads 1 and 2 and in
lead AVF. In this group pure negative deflec-
tions were recorded in esophageal lead tracings
from the cephalic level of the auricle and pure
positive deflections were obtained from the
caudal level. Thus, in the uncommon type of
flutter the excitation wave originates at the
cephalic end of the auricle, travels in a cephalo-
caudal direction and terminates at the caudal
end.

The tenth instance of flutter exhibited at dif-
ferent times both the common and uncommon
types of flutter. On one occasion inverted P’
waves were inscribed in limb leads 2, 3 and
AVF; the auricular deflections from esophageal
leads recorded on that occasion were identical
with those observed in the seven instances of
the common type of flutter, indicating that the
wave arose at the caudal end of the auricle. On
another occasion the P’ waves were upright in
leads 1, 2, 8 and AVF; esophageal lead tracings
obtained at that time were identical with those
of the two instances of the uncommon type
of flutter, revealing that the wave arose at the
cephalic extremity.

The appearance of auricular deflections from
esophageal leads in a hypothetical example of
circus movement have been described. In our
study and to our knowledge, auricular deflec-

tions from esophageal leads resembling those
postulated have never been recorded. The con-
fgurations of the deflections in esophageal lead
electrocardiograms of flutter obtained from our
patients consistently indicate that the flutter ex-
citation wave praceeds from the ectopic focus
to the opposite end of the auricles and termi-
nates; 1t does not return to the original focus.

The speed of the flutter excitation wave as it
travels a fixed known distance has been roughly
calculated. The rate of propagation of the ex-
citation wave of flutter apparently is slower
than that of the wave of normal sinus rhythm.

In two instances of the common type of flut-
ter the course of the excitation wave, as deter-
mined by multiple precordial lead electrocardi-
ography, has been traced over the chest. By
timing the onset of the intrinsicoid auricular de-
flections it has been shown that the impulse
was found to start at that 0.00 point and spread
away from it, not in a narrow circular path, but
in all available directions simultaneously.

Auncular tachycardia in man, either spon-
taneous or experimentally produced during
thoracic surgical procedures, was analyzed by
a method of electrocardiography similar to that
used to investigate flutter, It was found that the
electrical events of tachycardia are similar to
those of experimental and chnical flutter, m
each instance the impulse originates at an ec-
topic focus and travels concentrically from it.
In neither arthythmia is there a circus move-
ment.
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Te-

corded Teads 1 and 3 from a patient with auncular futter

at @ rate of 214 beats per minute Ta wayes are present
m lead 8 but ahsent i Jead 1

is present in lead 2 and 8 but not in lead 1.
According to the sine wave criterion, this pa-
tient would have flutter in lead 2 and 3 but not
mlead 1

AuriculoVentricular Block: Certain workers
consider the presence of auriculo-ventncular
block essential to the diagnosis of Hutter. 1f
block 15 present, the arthythmia is commonly
identified us flutter, if Block is absent, the diag-
nosis 1s tachycardia

This appears to be an artificral distinction.
The presence or absence of aureulo-ventricular
block does not depend upon g difference 1n
mechanism per se, but rather on the efficency
of the auriculo-ventrenlar node and conduction
System.  Auniculo-ventricuar block may be

physiological due to the high auncular rare a5 41

Iation to auricular rate, Sever;

been made of so-called tachycardya with block
on the one hand, and 1-1 flutter on the other.
We have shown 1n Chapters
most records interpreted as 1
no basis for this diagnosis,
which appear between the Q

al studies have

:1 flutter present

the souree of confu:

The worthlessness of a distintion
auniculow entrieylyr block
example of complete heart
Pure auricnlar deflection s

510n,

based on
s best seen in the
t block where the
evident We haye

shown in these instances that the rate can ﬂuc!xf~
ate from slow to fast without any possible arbi-
trary disuinction between tachycardia and flut.
ter (Chapter VII).

REVAILING CONCEPTS CONCEBNING
PT“E DIAGNOSIS OF TACHYCARDIA

The following are some of the commonly ac-
cepted criteria for the diagnosis of tachycardia.

Auricular Rate: The rate must be between
130 and 250 beats per mmute.

The concept that tachyeardia cannot exist
at a rate below 150 also is incompatible with
clinical experience. We have repeatedly secn
short runs of tachycardia at auricufar rates of
approximately 90 beats per minute. Most such
slow rate paravysms Tast only a few beats and
cause few or no symptoms ( Figure 181}, Theo-
retically, tachycardia can oceur at a rate only
a few beats per minute faster than normal sinus
thythm. This has heen observed repeatedly,
both exper;; lly and clini lly. The slow
rate tachycardias as a rule are diagnosed only
by chance, by means of a routine electrocardio.

nterval ean he
cardiographers fupter can he
the sine wave
Foneous, i the pre;

seen According to some electro~

diagnosed anly o

18 nm!:nl This concept 15 ep.
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Figure 176  Auricular flutter of the common type with P' waves myerted in leads 2 and 3,

and upright CF,

In A the aurncular rate is 200 beats per mmute, The Ta waves are more

distmet 1n B, when the auricular rate is 800 beats per mmute

According to clinicians who base their diag-
noses on the shape of the auricular deflection,
the patient has tachycardia in lead 1 and flutter
in Jead 3. Many other examples of this situ-
ation are available.

In auricular arrhythmias, whether slow (gen-
erally diagnosed as tachycardia) or fast (gener-
ally diagnosed as flutter), Ta waves which cause
the undulations may or may not be present.
Thus, the concept that undulations are essential
to the diagnosis of flutter and incompatible with
a diagnosis of tachyecardia is erroneous

Sine Wave: Some clinicians diagnose flut-
ter only if the auricular deflection has the ap-
pearance of a pure sine wave.

If flutter is diagnosed only where the auric-
ular deflection creates a pure sme wave, the
great majority of these arrhythmias (approxi-
mately 95 per cent) will not be recognized, for
such a wave is rare. Whether or not a sine wave
is present depends largely on the rate. It occurs
as a rule only with the rapid flutters or after
administration of certain drugs such as quini-
dine; even under such circumstances the small
isoelectric “shelf” may often be found. Obvi-

ously, the absence of a sine wave 1s irrelevant
in the diagnosis of flutter. Figure 179 shows
records from a patient with flutter, a sine wave

4 SERIN W

LEAD J '

3 P
i '

- A

T

Figure 177. Successively recorded leads 8 and Vi from a
patient with coronary artery disease, posterior myocardial

f: 1 ! lar block, and a regu-
lar ectopic aunicular thythm at rate of 165 beats per muaute.
The Ta waves are not present m Jead § and only the -
verted P’ waves may be scen Ta waves are present in lea
V; and give nsc to marked undulations Thus m the same
patrent undalations may be present m one lead and absent
in a successively recorded lead, The presence or absence of
flutter undulations 1s deterrmned solely by the presence of
absence of Ta waves.
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waves ate present

i s=tndl
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acteristic of fintter.

a9

Tigare 183 Elecrocardiograms from three patients exemplifying the uncommon type of
flutter with uptight P waves m leads 1 and 2. (A) Slow flutter with an auncular rate of
214 beats per munute, (B) More rapid flutter with an asriculas rate of 333 heats per mimute,

{€) Faxt Butter with an suncalar rate of 375 be

ats pet yonwte  An foelectric intenal us

present m A, charactenstic undulations are ‘istinct 1 B and C.

never made such sharp delineations as those
which have m recent times become entrenched
m many modern clinics
Clanfication of the critena for the diagnosis
of flutter and tachycardra is obviously neces-
sary. For this purpose, we have anafyzed elec-
trocardiographie  records from 139 patients
diagnosed as having auricular flutter and from
107 pabents diagoosed as having auncular

tachycardia by cardiologists at the Los Angeles
County General Hospital and other institutions,

ANALYSIS OF ELECTROCARDIOGRAMS
OF FLUTTER

Our study of records from 129 patients indi-
cates that flutters may be classified nto four
more or less distinet types based upon the con-
figuration of the auriewlar defections. 1t is of
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Figure 180, Leads 1, 2 and 3
from a patient with a rapid ec-
topre rhythm. The undulations
seen between the QRS com-
plexes are not identifiable, they
are probably pure ventneular
T waves. Recards of this type
are often diagnosed as 1 1 flut-
ter There 1s no sound bass
upon which to diagnose this
electrocardiogram as flutter, the
nature of the disturbance 15
unknown from the avalable
data, A duagnosis mught be
obtained by the use of esopha~
geal or special chest leads,

gram. They cannot be diagnosed clinically.
Configuration of P" Wave: The P’ wave must
have an abnormal configuration.
This is not an essential criterion, In most in-

stances the P wave cannot be seen. If seen, it
usually has an abnormal configuration, If the
ectopic focus is at or near the sinus node, how-
ever, the P’ wave may have a normal or almost
normal configaration (Chapter VII).

Isoclectric Interval: An isoclectric interval
must occur after the P' wave, and undulation
must not be present.

This is not necessarily true; as pointed out
above, an isoclectric interval may be present in
some leads but absent in others during the same
bout of the arrhythmia (Figures 177 and 178).

Auriculo-Ventricular Block:  Auriculo-ven-
tricular block does not exist in tachycardia when
the auriclo-ventricular conducting system is
normat.

This criterion has already been discussed in
relation to flutter. It was shown that the ven-
tricular response depends on the efficiency of
the conducting system.

It would seem that many of the present cri-
teria for the diagnosis of flutter and tachycar-
dha are contradictory and practically meaning-

“less. The consequent confusion regarding these
two disturbances exists even in some of the
leading clinics and among outstanding cardiolo-
gists.

Our studjes of the mechanism of flutter and

tachycardia, and a review of the historical evo-
lution of knowledge on these subjects, reveals
that the physiologic and historic bases for
present concepts are obscure. Early authorities

RATE
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Figure 181, Lead 2 from a 75 year old fem‘alc who comp}.xmed onl); af

4 5 6

palpttation  The clec-
at a slow rate of 90

trocardiogram showed short runs of
beats per runute. The al

paroxy
ttacks generally fasted only 2 few beats.
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tion by unipolar chest or esophngetfl clectro-
cardiography should delineate the ¥ wave of
this type of flutter,

Mimic Group (Type IV}): In 16 of the 139
instances (115 per cent), the auricular activity
reflected in the imb leads suggested erroneous
diagnoses, From standard hmb leads, the diag-
nosis of auricular fibrillation (Figure 183),
nodal tachycardia (Figure 186), and auricular
tachycardia (Figure 187), could he made. The
diagnosis of flutter was made from chest Jeads.
In several of these instances, the ventricular de-
flectians obscured some of the auricular activity.
Flutters of the type simulating tachycardia
usually may be diagnosed by increasing the
auncalo-ventricular block by caratid sinus pres-
sute (Figure 188). In many of thesc instances

Figare 186, Auricular flutter with 2,1 block No auncular

deflections are sisible 1n standard leads 1, 2.and 3 Ths

tyre of record 1s often diagnosed as nodal tachycardia In

CF, howeser, it can be seen that the arthythm 15 2 1
auncular futter,

Flutter with the Focus at the Cephalic End
of the Auricles at or Near the Sinus Node
(Type 1): In 21 of the 139 mstances of futter
(15.1 per cent), the P’ waves were upright in
leads 1 and 2; usually they were upright in lead
8 The P wave was symilar to or sdentical with
the noumal P wave (Figure 183} This electro-
cardographic pictare Tepresents a disturbance
statting near the sinus node and traveling in 2
cephalocaudal  dircetion (Chapters Vi1 and
VIRl} For descriptive burposes this might be
called “the cephalic type™ of flutter.

Sine Wave Group (Typ
139 instances (4.3 per cent
tfy with certamly the p
standard himb leads, although the Tecords were
typieal of flutter Thege records display conting-
oug undulnhons, usually a sine wave, and ng
1soelectne “shelf” (Figure 184}, In ;ome -
stances this pattern may have been dye m part
to the effect of Quinidine 1n acccntuatmgp(he :\.;g:r‘:.wll?;h A‘mdmb{ pupter simfat
undulations The finding of an mtrnsie deflee.  **h ;m"‘“')l::r‘“'f““'"o‘rl]

diagnosts 15

e I In siy of the
), we could not iden-
and Ta waves 1 the

ul 2 aunculyr P
yoone I owane e visible for
m Jeads 1, 2 and

revealed i CF, 0 tue
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Frgure 184 An cxample of the sine type of
auncular flutter. The flutter deflection consists
of a sine wave without an 1soelectric interval
The P’ and Ta waves cannot be identified with
certanty. In this type of flutter the site of the
cctopte focus cannot be ascertamned from the
standard tmb leads, esophageal leads should
be employ ed for thus purpose,

interest that the I wave could be identified in
standard lunb leads in almost 90 per cent of
these instances of Butter.

Flutter with the Focus at the Caudal End
of the Auricles (Type I): This is the most com-
mon type of flutter found m 96 of the 139 in-
stances of flutter (69.1 per cent), the P’ waves
weze deeply inverted in leads 2 and 3; large Ta
waves were generally present and always op-
postitely directed (Figuze 182). In an occasional
pattent 1n whom augmented umpolar Itmb leads
were 1ccorded, the P wave was inverted in
lead AVF. We have shown in previous chapters
(VII, VIII) that such dishubances start at
the caundal end of the auricles; this 1s the
common type of flutter with which every clin-
ician is familiai. The P' waves are usually 1den-
tified with ease; if esophageal leads are re-
corded, the position of the focus and the di-
rection in which the wave travels may be ac-
curately predicted, Figme 182 shows several
examples of this type of flutter at varying rates.
For descriptive purposes this type of flutter
might be called “the caudal type.”

A
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Figure 185 (A) and (B) Examples of auncular flutter

numiching fibrillation m standard leads 1, 2 and 3 No flut-

ter wave can be seen in these leads, The true nature of the
arthythmia 1s revealed 1n CF
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the ventncular T wave and an anatomic diag-
nosis would have been impossible.

The P’ wave in the cephalic type of tachy-
cardia can best be seen when the rate is rela-
tively slow and the PR interval relatvely short.
1t then appears as an upright wave following or
merging with the ventricular T wave. As the
rate of the tachycardia becomes more rapid, the
PR interval usually becomes progressively
Tonger until block occurs. The P' wave in rapid

[P 100 I
g
NLANCAN

s

I PN NN R
Figure 190 (A} Auncular parovysmal tachycardia with
focus of ongin m the cephalic portion of the auncles near
the simus node, The P’ waves are upnght in leads 1, 2and 8,

and AVF (Sec esophageal leads of this patient m Fig-
vre 88 )

(B) After restoration of normal sinus thythm. The P
waves arc upnght in feads I, 2 and AVF, but of different
configuration than the P’ waves of the tachycardia The P

wave 15 now nverted 1n lead 3

nght m leads 1 and 2 and exther upright or in-
verted 1n lead 3 (Figures 43 and 190), In a few
patients in whom augmented umpolar himb
leads were recorded, the P’ wave m lead AVF
was upright The P’ waves in this type of tachy-
cardia are similar to those of the cephahe type
of flutter.

Tachycardia in which the Site of Origin is
Indeterminable (Type IIf): In €6 of the 107
mstances (618 per cent), hittle or no definite
evidence of auncular activity was cleatly dis-
cernible. Probably many or most of these in-
stances are actually the cephalic type with up-
nght P’ waves inscribed in the preceding ven-
tneular T waves and often with prolongation
of the PR mtervals (Figure 191). Ttis unlikely
that these mstances represent tachycardia of
the caudal type since the sharply inverted P’
wave is characteristic of the latter group and is
casily visible as a sharp downward notching ;
or immediately before the T wave; thig wehg 1'n
actually seen. As shown in Fgure 52, sf th, a‘;
wave were upright it would have mel’rged :1(},

hycardia therefore may be buried in the pre-
ceding ventricular T wave In two such in-
stances the P’ wave could not be identificd dur-
ing the paroxysm but was seen during the onset
of tachycardia; in both, the wave was upright
(Figure 192). The caudal type of tachycardias
can frequently be identified, even when the
rate is rapid, as the P’ wave is a sharp, inverted
spike which often appears just hefore ar after
the ventricular QRS complex (Figure 193),

AURICULAR
TACHYGARDIA

fr‘lhg(me 151 Aunentar anee -

R
lar

LU type
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Figure 188. Auncular flutter ssmulating auncular paroxys-
mal tachycara,
{A) The first two ventoeular beats are preceded by
P’ waves, this pattem could be diagnosed as aunrcular par-
oxysmal tachycardia. Followmng carotid sinus pressure au-
niculo-ventricular block tereases and the charactenshic
of flutter b
(B) As in A, the first three beats resemble tachy-
cardia, After carotid smus pressare the rapid auncular ac-
tivity 1s apparent,
In cach of these records, before carotid smus pressurc
was apphed, the altermate P wates are buried mn QRS
complexes
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the ectopic focus probably was in the center of
the auricles. Under such circumstances we
have found small or isoelectric P’ waves (Chap-
ter IV).

ANALYSIS OF ELECTROCARDIOGRAMS
OF TACHYCARDIA

Three general types of tachycardia based on
the configuration of the auricular deflection
were distinguished among the records from 107
patients included in the study. In 65 per cent
of the records studied, the P wave could not
be identified in the usual limb leads.

Tachyeardia Arising at the Caudal End of
the Auricles (Type I): As has been shown,
when the focus is at the caudal end of the au-
ricle, the P’ waves are inverted in leads 2 and
3 (Figure 189). Ten of the 107 instances of
tachycardia (9.3 per cent) were of this type.
The P' waves resembled the P’ waves of flutter
from the same site (Type I flutter). This might
be called “the caudal” type.

Tachyeardia Arising at the Cephalic End or
at or Near the Sinus Node (Type II): This type
of tachycardia was observed in 81 of the 107
patients (289 per cent). The P’ waves were up-

REG. SINUS RHYTHM

e Q

iMMM‘M‘-"’\"’
cF, Q
RATE=150/M. 10-8-4

dia anstng at the caudal portion of the

Figure 169 (A) Auncular paroxysmal
auricle, The P° waves are mverted m leads

tion of normal smus thythm, the P’ waves are upnghl

2 and 8, and upnght m CF. (B) After restora-
t m leads 2 and 3 and mverted n CFy
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Figure 190 {A) Auncular pasoxysmal tachycardia wath
focus of ongm m the cephalic portion of the auncles near
the smus node The P waves are upnght 1n Jeads 1, £ and 3,
and AVF  {See esophageal leads of this patient m Fig-
ure 88 )

{B) After restoration of normal sinus thythm. The P
waves are upnght in Jeads 1, 2 and AVF, but of diffesent
configuration than the P’ waves of the tachycardia, The P

wave is now inverted 1n Jead 3,

right in leads 1 and 2 and either upright or in-
verted in lead 8 (Figures 43 and 190) Inafew
patients mm whom auvgmented unipolar Lhimb
leads were recorded, the P’ wave in lead AVF
was upnght. The P’ wares m this type of tachy-
cardia are similar to those of the cephalic type
of flutter,

Tachycardia in which the Site of Origin is
Indeterminable (Type IH): In 66 of the 107
instances (61.8 per cent), little or no definite
evidence of auncular actvity was clearly dis-
cermble. Probably many or most of these in-
stances are actually the cephalic type with up-
nght P waves mscribed i the preceding ven-
tricular T waves and often with
of the PR intervals (Fj;
that these inst

prolongation
igure 191). Tt is unlikely
1

tach
p 13
the caudal type since the sharply inverted [I’"

wave is characteristic of the latter group and j

e:\s‘\\y visible as a sharp downward notchiny in
or immediately before the T wave. this w hg ve
actually seen As shown in Figur,e 52,3 Eih a‘;
wave were upright it wonld have m;ged \f\\h
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the ventricular T wave and an anatomic diag
nosis would have been impossible.

The P wave in the cephalic type of tacky-
cardia can best be seen when the rate is rela-
tively slow and the PR interval relatively shott.
It then appears as an upright wave following or
merging with the ventricular T wave. As the
rate of the tachycardia becomes more rapid, the
P-R interval usually becomes progressively
Tonger until block occurs The P wave in rapid
tachycardia therefore may be buried in the pre-
cedmg ventriculat T wave. In two such in-
stances the P wave could not be identified dur-
ing the paroxysm but was seen during the onset
of tachycardia; in both, the wave was upright
(Figure 192). The caudal type of tachycardias
can frequently be identificd, even when the
rate is rapid, as the P' wave is a sharp, inverted
spike which often appears just before or after
the ventricular QRS complex (Figure 193},

AURICULAR
ACHYGARDIA

of this type
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Figure 192 Lead 2 Short runs of auncular par-
ovysmal tachycardia. The P’ waves cannot be seen
dunng the run but can be identified as the frst

Some of the tachycardias classified as Type
I probably arise from a focus midway be-
tween the caudal and cephalic ends of the
auricle. As shown in Chapter IV, esophageal
lead records of experimental tachycardia and
premature systoles in man produced from this
site have small or isoelectric P’ waves; conse-
quently, P’ waves would only rarely be visible
in the limb leads. Finally, it is possible that
some tachycardias assigned to the indetermi-
nate type, while they actually represent the
caudal or cephalic type, cannot be properly
identified as the P* wave is obscured by an ab-
normal rotation of the heart (Chapter VII).

Thus, of the tachycardias designated as the
indeterminate type, probably the majority are
in fact the cephalic type and a minority are the
caudal type. The percentage of tachycardias ac-
tually of the cephalic type (tachycardias from
near the cephalic end of the auricle), undoubt-
edly is underestimated.

SITE OF THE ECTOPIC FOCUS

As suggested by our statistical analysis, in
most instances a fundamental anatomic dif-
ference evists between tachycardia and flutter:
this dufference consists in the location of the
ectopic foci. The majority of flutters origmate
at the caudal end of the auricles, only a rela-
tively small percentage of tachycardias start in
this region. Relatively few flutters arise m the
cephalic region; of those tachycardias in which
the site of origin is 1dentifiable, the majority
usually start in this area If, as seems likely, the
most common sites of origin of the two arrhyth-

P'- lP! P.' PI | P

beat {X) of the paroxysm is recorded. The P'
wave here 1s upnght and the impulse arises in the
cephalic end of the aundles,

mias are widely separated, this anatomic pre-
dilection may account for some of their clin-
ical dissimilarities. The auricular rate is usually
faster in flutter than in tachycardia. Flutter
generally persists for a longer period and is
more difficult to terminate than is tachycardia.
Usually physiologic auriculo-ventricular block
is the rule in flutter but does nat occur in tachy-
cardia If block is present in auricular paroxys-
mal tachycardia it is pathologic. From this a
new and more accurate definition of flutter may
be dravwn. Flutter is a fast auricular tachycardia
usually starting at the caudal end of the auricles
with a physiologic auriculo-ventricular block.

EFFECT OF VAGAL STIMULATION

The fact that vagal stimulation has different
effects on auricular paroxysmal tachycardia
from those on auricular flutter has been ad-
vanced as proof that the mechanisms of these
two arthythmias are different. The following
considerations suggest that the response to
vagal stimulation may vary with the rate rather
than the mechanism of the arrhythrma,

The statement that carotid sinus stimula-
tion 15 effective in ausicular tachycardia and
not m auricular flutter is not entirely true.
Climeally and experimentaily, this procedure
generally is ineffective m very rapid auricular
paroxysmal tachycardia as well as m auricu-
lar futter. We have repeatedly observed, as did
Lewis, that vagal stimulation frequently termi-
nates slow auricular paroxysmal tachycardia
but rarely stops rapid auncular tachycardia. It
is well known that the supra-ventricular tachy-
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Figure 183 Auncolar paroxysmal tachy-

cardia_with smerted P’ waves, eastly

wentified 1 spite of the rapid rate

(ERG cnlorged tvo times) If the P’

waves were upright at this rate, the ar-

thythmia probably could not be identi-
fied with certainty

cardias such as oceur in infants are reststant to
carotid smus massage Thus, carotid sinus stim~
ulation tends to termmate those arthythmuas in
which the ectopic focus 15 discharging slowly
(slow auricular paraxysmal tachycardiz) and
Eails to affect those in whnch the ectopic focus
1 discharging rapidly {rapid tachycardia or
futter)

The importance of auricular rate in determm-
mg certain responses to vagal simulation was
shown many years ago by Lewss, who demon-
strated that this procedure results in fibnillation

only if it is applied \V‘.fﬂc the a\'wiclesS :r:ntzf‘?\:;
ing at or above a critical rate, in mo *
400 per minute. From this c‘(penmcr\.t hemc(:‘r‘\c
cluded that “there is a very flgm' re\m.lou] i

liminavy rate of beatmg.”*" Lewis also ol
g X i i d asystoie
served that vagal stimulation caused asys :
only 1if the auricles were heating at a YC‘.M“ ‘3‘1)
slow rate, although he failed to femp\mfnzc h jc
clinical sigmficance of thus finding \\(3 !\a\e
confirmed Lewis observations by admxmflcr-
ing acetylcholine to the experimental nn|{n1\
while the auricles were stimulated by electrical
shocks at varous rates. Asystole fol\owcd. ad-
Tinistration of acetylcholine when the auricles
were being driven at the rate of a slow tachy-
cardia, the agent precipitated fibrillation when
the rate of stimulation was above 400 per min-
ute (Figure 194), The same observation was
made with aconitine induced arthythmias (Fig-
ure 193). As Lewis and Masters noted, auric-
ulo-ventricular conduction is related to auricu-
lar rate and under the influence of vagal
stimulation, auriculo-ventricular block tends to
develop at lower auricular rates than under nor-
mal circumstances 3™ Thus itis apparent that the
response of an auricular arrhythmia to vagal
stimulation cannot always be predicted but
whether asystole or increase of auricular rate
accurs is intimately dependent upon the aurie-
ular rate prevailing when the vagus is stimu-
lated, while auriculo-ventricular block is most
likely to be produced at rapid auricular rates.
These experimental observations are a counter-
part of the clinical observation that vagal stimu-
Iation has a different effect in slow tachycardia
than in rapid tachycardia or flutter.

The fact that disturbances with identical
mechanisms may respond differently to carotid
smus stimulation is apparent from a consider-
ation of the effects of this procedure on normal
smus thythm. In one individual auicular
asystole may result while in another auriculo-
ventricular block oceurs In the first imstance
the response to vagal stimulation is sumlar to
that generally oceurning in slow tachycardia
while In the second instance the response re-
sembles that of flutter. However, the mechan-
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Figure 194. A, A )! \ dia produced by electncal st laton at a rate of 214
per minute. Acetylchol ras mt! Iy while the aurcle was bemg stimu-
Iated  After the myechun of 1:‘€tylchollnc as)s!ole (X) occurred. (Recorded at 25 mm per
second }

B Auncular futter produced by stmulating the auncle clectrcaly o a mte of 332

While the auncle was being stimulated, acety

contmved to respond but that ventricular asystole occurre

¢ Auncular flutter produced by shmulatmg the auncle at a rate of 428 per mnute

Agam while the mmcle was beng 1 holine was ad d. The rhythm now
erted to S bnll Recorded at 50 mm per second )

d. (Recorded at 50 mm per second )
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Figure 193 A Auncular tarhyeardi {rste 187 pev
munate} preduced by acomtme  Acctylcholine was in-
jected wtravenously. This coused auncular asystole
{X) Regular stus rhythm then ensved,

sm of normal sinus thythm obviously is the

same 1 the two mdividuals; only the response of

the heart, snd especially of the conduction sys-

tem, has varied, By analagy, the difference in

response to vagal shmulation does not consti-

tute proot of a fundamental difference between
1

parosysmal tachycardia and auncnlar

futter.

In most wdwiduals with annenlar parotys-
mal tachycardia there appears ta be ¢ frm bind-
ing of unknown mpature hetween the auricles
and ventncles, as shown by the absence of
sunculo-ventriealar block, mn these mstances
carotid suus stimalation does not cause the de-
el of wcular block  The
presence of this firm biading is evidenced by
the fact that in a gnen pahent caratid sinus

4 5 [

B Aunclar Butter (rate 428 per munute) pro-
Juced by aconitme. After acctylcholine was admine
istered the thythm conserted to Fbnilation

stamulation may cause prolongation of the P-R
futerval after termination of a paroxysm of
tachycardia but not dunng the hout, On the
athet hand, wn awricular futter the firm binding
is already broken; here, increase in vagal tone
causes an inctease in the existing block. An
explanation of these differences must awajt
eluardation of the auriculo-ventricular condue-
tion system. That a more complex process is
mvolved than simple conduction between auri-
cle and ventricle has been shown by our ob-
servations of aberration and auriculo-ventricular
conduction { Chapter XV). Until further knowl-
edge of auricalo-ventricular conduction is ob-
tained, the concept of the unitary nature of

chinical avncular tachyeardia and auncular flut-
ter must semain 2 theory,
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DISCUSSION

Although the preceding observations to some
extent clarify the relationship between clinical
tachycardia and flutter, they also emphasize
that many records present characteristics of
both arrhythmias. In every eclectrocardio-
graphic department, tracings are frequently ob-
tamed which are a source of argument as to
whether the record represents tachycardia or
flutter, Such arguments are meaningless, and
dogmatic opinions are unwarranted. It is sug-
gested that those borderline cases which present
characteristics of both arrhythmuas, rather than
being designated by name, might more profit-
ably be described in terms of the disturbed
function. In such instances the following type
of description should prove useful: (1) the
auricular rate should be stated; (2) the con-
figuration of the I" wave should be described;
(8) if possible, position of the ectopic focus
should be indicated; (4) the description of a
Ta wave should be given; (5) auriculo-ventri-
cular conduction (presence or absence of
block) should be mentioned; and (6) presence
or absence of ventricular aberration should be
specified.

In all instances, whether debatable or sub-
ject to definite diagnosis, the physiologic as-
pects rather than the name of the disturbance
deserve primary emphasis. Cardiologists 30
years ago made the simple diagnosis of “coro-
nary occlusion.” Today, a more descriptive
terminology is used, including such data as
whether or nat tissue destruction is present, the
size of the infarction, the part of the heart that
is involved, whether the electrocardiographic
changes resulted from coronary occlusion or
insufficiency. The addition of these details,
learned through consmderable experience and
investigation durmg the past several decades,
has been of tremendous aid to both patient and
physician.

Likewise, a description of the physiologic
characteristics of the disturbance in each par-
ticular auricular arthythmia, although lengthy,
has certain virtues which are of more than

theoretical importance. When sufficient data
have been obtained, correlation of variations in
clectrocardiographic configurations with varia-
tions in the clinical course of the arrhythmias
may reveal the prognostic and therapeutic im-
plications of each electrocardiographic charac-
teristic. In addition, the descriptive diagnosis
provides a picture of what is actually happening
in the auricles rather than a mere term which
often causes meaningless controversies.

The term “Qutter,” signifying rapid and regu-
lar contractions, was first used by MacWilliam
in reporting experiments on animals and later
by Jolly and Ritchie to describe a clinical entity.
This term is equally descriptive of the auricular
activity in a rapid tachycardia, for the auricles
during flutter and tachycardia are essentially
identical electrocaidiographically and cinema-
tographically. Clinical usage tends to associate
rapid beating of the ventricles with the term
auricular paroxysmal tachycardia. In complete
auriculo-ventricular block, however, the ventri-
cles do not beat rapidly, even in the presence of
auricular tachycardia. Contrariwise, in flutter
with little or no block, the ventricles may beat
rapidly. Thus, in the light of present knowledge
of the arrhythmias, it would seem that the
terms of flutter and tachycardia as originally
defined are no longer appropriate.

We recommend that the term, auricular
tachycardia, be retained; however, it should be
redefined to include all arrhythmias now diag-
nosed as auricular tachycardia, auricular flutter,
or borderline cases. It is proposed that auricu-
lar tachycardia be defined as a regular auricular
thythm occurring without physiologic aunculo-
ventricalar block and arising from an ectopic
auricular focus whose rate of discharge is faster
than the sinus rate. If the auricular rate s
very rapid with resulting physiologic auriculo-
ventricular block, such a condition might be
designated, in deference to traditional usage,
auricular flutter with the understanding that
the basic mechamsm is auricular tachycardia.
Since nodal tachycardia can never be chagnosed
with surety, considerable hesitation should be
employed before utilizing this term.



FURTHER CLINICAL OBSERVATIONS

w7

hall dal direction; here the P' waves are

In order to emp} the diff 130-
tween various types of arthythmias while avoid-
ing arbitrary distinctions based on quishcfmble
criteria, the general diagnostic term “auricular

h dia” should be suppl ted by a de-
senption of the physiologic disturbance. As a

upright in leads 1 and 2. Occasionally, e\sc‘!m-
cardiograms of auricular Rutter are of the “sine-
wave” type in which the P’ wave cannot he
identified with certainty unless chiest or esopha-
geal leads are recorded. In the few remaining

hypothetical example, the descriptive di i
of a particular instance of auricular tachycardia
might be as follows: Regular auricular rhythm
from an ectopic focus; rate 300 beats per min-
ute; ¥ waves inverted in leads 2 and 3; focus
at the caudal end of the auricle; upright Ta
wave m lead 1; followed by a short isoelec-
tic shelf, varying 2:1 auriculo-ventricular
block, marked varying ventricular aberration
Wherever possible, the deseriptive dhagnosis
should fnclude a comparision of the electrocar-
diogram during the arthythmias with that dur.
ing normal sinus rhythm in the same patient,
In the next chapter, examples of this type of
description are given,

SUMMARY AND CONCLUSION

Many erroneous and conflicting opinions con-
cerning the exact criterra necessary for differen-
hating auncular flutter from tachycardia are
found among electrocardiographers and in vari-
aus chmes and textbooks. These coteria maiply
concemn the auncular rate, the configuration of
the ¥ wave, and the presence or absence of
aurtenia-ventneular block, What may be called
flutter in one insttution 5 dogmatically asserted
to be tachycardsa in another. An analysis of the
reasoning behind such viewpoints reveals their
lack of substantial physiologic bases,

In order to clarify the relatonship between
these two nnhyihmms, Tecords from 189 cases

of flutter and 107 cases of tachyeardia were
analyzed,

Four types of au
mn electrocardio

rection In g mnority of nstances ¢

he f i
at the cephalic end and the impulse e S

travelsin o

; the di of flutter is duwulged
only in chest or esophageal leads; standard leads
1, 2 and 3 may mimic auricular fibrillation, no-
dal tachycardia, or auricular tachycardia.

In two-thirds of the instances of tachycardia
the P’ waves cannot be identified in the limb
leads. This is accounted for by the fact that the
P-R interval becomes greatly prolonged when
the auricular rate increases. Of these tachyear-
dias in which the P' wave may be identified, the
majority start m the cephalic portion and dis-
play upright ¥’ waves in leads 1, 2 and AVF; a
minority start at the caudal end and show in-
verted P waves in leads 2, 3 and AVF, Proh.
ably most tachyeardias in which the P’ wave 15
unidentifiable originate at the cephalic end,

These data indicate an anatomic difference
between tachycardia and flutter: in most in.
stances of Rutter the ectopic focus is at the

clinieal and therapeutic dissimilarities of the
two disturbances, Dufferences in the Tesponse
fo vagal stimulation of slow tachyeardia and
fRutter are related to a difference in rate rather
than in mechanism of the Qisturbance.

; mentioned, ,the conf
the P’ wave shauld be described, fp
site of the faoys should be jng,
wave, if present, should be deser

guration of
if possible, the
icated; the Tq
ibed, the pres-



198 THE AURICULAR ARRHYTHMIAS

ence or absence of auriculo-ventricular block have the advantage of avoiding confusion, but
should be noted; finally, the description should also provide information which aids in the un-
specify whether or not ventricular aberration is  derstanding of the disturbance.

present. Such descriptive diagnoses not only



CHAPTER X

Txamples of Physiologic Diaguosis of Awricular

Tachycardia and Flutter

e

T Tie prECEDING chapter, attention was called
1o the arbitrary character of the numencl‘ature
currently used in diagnosis of the a}uﬂculnr
archythmias. The present chapter provides fur-
ther evidence that the artificial criterfa of
present-day diaguosis of necessity result in am-
higuity, confusion aud diversity of diagnasis.
In order to overcome these difficulties, we have
designed a new method of elect i

electracardiographers were trained in different
centers throughout the United States.,

1t §5 astonishing that of the 32 tracings sub-
mitted to the five electrocardiographers and
diagnosed by their standards, agrecment was
reached in only 12 of the records. In the remain-
ing 21 records there was disagreement, in some
instances of extreme degree, concerning the

1
diagnosts The following type of description is
suggested (1) The rate of discharge from the
ectopie auricular focus should be stated, (2)
the configuration of the P' wave should be de-
senbed, {3) the description of 2 Ta wave
should be included, (4) if possihle, position of
the ectopie focus should be indicated, (5) pres-
ence or absence of auriculo- 1cular block

diagnosis. From a ideration of the physio-
logic aspects discussed in the preceding chapter,
such differences are to be expected until the
evact physiologic disturbance in each arthyth-
mia is defined. This chapter constitutes 3 prac-
tical demonstration of the defects of present
nomenclature and of the advantages of describ-
ing an arthythmia in terms of the disturbed
o

should be mentioned, (6) presence or absence
of ventneular aberration should be specified;
and {7} the diagnosis should conclude with an
terpretation of the tracmg summanzng the
precedmg six wtems. After the veader has be-
came acquainted with the descriptive principles
he can shorten this procedure of analysis by
simply stating the summary interpretation

In order to evaluate this method of descrip-
tive & is and to pare 1t with p t
day standard methods, we have applied both
systems to a series of 32 selected el i

physiologre tunction.

The 82 electrocardiograms illustrated in this
chapter are classified into groups according to
whether the ectopic focus of the arhythmia
is located at a high (Cases 1 to 10); low {Cases
10 to 24), middle or undeterminable auticular
site (Cases 24 to 32); within each group the
tracings are arranged in order of increasing au-
ricular rate, The legends under each electrocar-
diogram include (1) a full description of the
tracings; {2) our interpretations printed in bold
3:99; (S') ‘co:nments it indicated, and (4)

o st 1 P

grams of various auncular arthythmias Tang-
wig from simple to complicated types. Stand-
ard interpretations of this senes of tracings
were made by five feading and e ly able

phic diagnoses re-
ported by the five electrocardiographers.

Standard mterpretations of 21 of the electro-

electrocardiographers m Los Angeles. It is im-
portant to powt out that these five excellent

[199}

c?rdjngmms as reported by five experienced

k aphers appear in chart form in
Figures 228 and 220. The charts are arranged 1n
oder of increasing rate of discharge from the
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ence or absence of auriculo-ventricular block have the advantage of avoiding confusion, but
should be noted; finally, the description should also provide information which aids in the un-
specify whether or not ventricular aberration is  derstanding of the disturbance.

present. Such descriptive diagnoses not only
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_EMmBS IR

EEss =

RATE= (58 -
Figure 197 (Case No 2) Ectopic auncular tachy-
cadia, Aumcular mate 158 B wave upnght m
lead 1, supenmposed on T wates in leads 2 and 3
Ta waves absent or masked 1n leads 1, 2 and 3
Possible high auncular focus P4R mterval 12
Ventneular rate 138 No aunculo-ventneular
block

INTERPRETATION: (A) AURICULAR TACHY-
CARDIA FROM HICH ATURICULAR FOCUS, AURICULAR
RraTE 138 {R) REGULAR SINUS BHYTITV

PO SR Y L ¥ S0

h F i

RATE =187

Figure 198 (Case No. 3) Ectopic auncular tachycardia,
Auncular rate 187 P wave upnight in. leads 1 and 2, Jow
m § Ta waves absent High auncular ectopic focus Vargs
g sentnicular vate  Regular 21 aunculoentncular block
m leads 2 and 3, uregular lead 1, Shght ventnculay aberra-
tion

B ‘

et e

H l. |i~

iMMM

W e sty

RATE =75

Comment: P’ waves superimpased on the T
wave causes the appearance of a greatly prolonged
Q-T intenal

(5) Auncular tachyeardia.

INTERPRETATION. AURICULAR TACHYCARDIA WITH
VARYING AURICULG-VENTRICULAR BLOCK, HIGH AURICULAR
FOCUS, AURICULAR RATE 187,

Comment: “This tracing 15 interesting because of the
irregular block m Jead 1 and the regular block 1n leads &
and 3 Tt 1s tracings of this type that are presently debated
whether to call flutter or tachycardia,
Electrocardsographers’ Interpretation:

(1} Auncular tachycardia with 8 3 block,
{2) Avricalar flutter wath 2,1 Block,
{3) Auncular tachycardia with 9 1 block.
(4} Auncular fltter with 8 1 block
{5) Auncular tachycardia with 2 1 Llock.
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auricular ectopic focus. Electrocardiograms of auricular focus in Figure 229, It is apparent
arthythmias [ror.n a high auricular focus are that no sharp line of demarcation exists between
represented in Figure 228 and those from a low  tachycardia and flutter.

L
?

3 4
SEGONDS _

Fipure 196 (Case No. 1} Eclepte auricular Elect ! h
tachycardia with transttion to regular smus rhy- (1) Auricular fibnllation and tachycar-
thm and auncular premature systole. Auncular

.
rate 136. P’ wave upnght in leads 2 and 3, {2) Auricular tachy cardra, reguiar sinus

masked in Jead 1. Ta wave mashed i leads 1, rhythm, auricular premature sys-
2 qnd 3 High auncuelar ectopie foces tole,

INTERFRETATION: AURICULAR TACHM- (3) Auncular Autter with iregular con-
CABDIA FIOM ECTOPIC FOCUS IS UPPER PART OF duction.

AUBICLE, AURICULAR RATE 136, TRANSITION TO
NORMAL SINUS RHYTHAL AFTER 5TH FEAT WITH
A PREMATUBE $STOLE FROM SAME ECTOFIC
FOCUS,

(1) Auncular Rutter with varable
block
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RATE = 214 / Min. o SayE iar

Figure 201 {Case No 8} Ectopic aunenlar tathycardia Comment: The focus i this case is at or tlose to
Auncular rate 214 P wave upnght n leads 1, 2 and  the sino-auncular nade becanse the P wase 15 identical
] Ta wares z’xbsent hgh auncalar ectopre focus Vary- o the P wase,

wg ventricular rates  Ventnoulat vesponse  tregular Electrocardiographers’

graphers’ Interpretation,
Marked ventarulat sbenation (1] Aurtosiar tachycarde
INTEBPRETATION (A} AURICULAR TACHYCAS- {2} Auncular tachyeardis.

TIA WITH SARUNG A PLOCE FADM HIGH AURICULAR {3) Auncular tachycardia,

FOCLS, AURICULAR RATE 214, VENTRICULAR APERRATION {4} Auncular flutter

TRESENT (B) BEGULAR SINUS AHYTIA (5} Auncular fhutter
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RATE= 85/ MIN,

200/ M.

Figure 199 {Case No. 4)  (A) Regular sinus shythm with
rate 85. P wave upnght 1 leads 1, 2 and 8 P-R interval
.10. Tracings in B, C and D are also from the same patient.

(B} Ectopic auncular tachycardia with auricular rate
200 P’ wave upright in Jeads I, 2 and 3. Ta waves masked
in leads 1, 2 and 8 High auncular ectopic focus P-R
interval 12, Ventnicular rate 200 Ventricular response regu-
lar with AV 11

(C) Ectopic aunicular tachycardia with auricular rate
215 P’ waves same. Ventricular rate 107, with regular ven-
tncular response with A V2 1,

INTERPRETATION AURICULAR TACHYCARDIA FROM
HIGH AURICULAR FOCUS IN WIIICH THERE Is A 2 1 A-v BLOCK
IN € AT RATE 215. THE BLOCK IS ABSENT IN B AND D AT RATES
oF 200 anp 220,

Comment- It 15 tracings of this type that are very

difficult to diagnose according to present day cnteria.
El 1 hers”

Inter 10n

(1) Sinus rhythm, auncular tachycardi, auncular
tachycardia with 2.1 block, auncular tachy-
cardia

(2) Sinus rhythm, auricular tachyeardia, auncular
tachycardia  with 2.1 block, auncular tachy-
cardia,

(3) Sinus rhythm, aunicular tachycardia, auricular
tachycardia with 2.1 block, auncular tachy-
cardia,

(4) Sinus rhythm, auricular flutter, auncular flutter
with 2 1 block, auncular flutter.

(3) Sinus rthythm, auncular tachycardi, aunculas
tachycardia with 2:1 block, aurcular tachy-
cardra.

Figure 200 (Case No 5): Ectopic auncular tachy cardia
Auncular rate 214 P’ wave upnght m Jeads 1 and 2.
Masked m lead 3 Ta waves mashed m leads 1, 2 and 3
High auncular ectopic focus. P'-R interval 12 Ventricular
rate 214 Ventricular response regular A V L1

INTERPRETATION  AURICULAR TACHMCARDIA FROM
HIGH AURICULAR FOCUS WITH AURICULAR RATE 214

Electrocardiographers” Interpretation
(1) Auncular tachycardia.
(2) Auncular tachycardia
(3) Auncular tachyeardia,
(4) Supraventricular tachy cardia,
(5) Auncular tachycardia
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2 ¥ oy s e -
LA D G SR

AURIG. RATE= 275/ MIN,

TFigure 203 (Case No 8): Ectome auncular $achy-
cardia  Auncular rate 275. P' wave upnght i
feads 2 and 3, absent in lead 1. Ta waves absent.
Tgh awricular ectome focus Ventonculae rate 187
Ventricular response regular AV 2,1, Shght ven-
tneular aberration

INTERPRETATION (A} AURICULAR TACIY-
CARDIA WITtH 2 L A~V BLOCK, MIGH AURICULAR FOCLS,
AURICULAR RATE 275 (B} Saue PATIENT 4F7ER

PNae J.:‘L—M_‘ :“
RATE =300/ Min,

Figure 204 (Cace No 9) Ecto
nght in feads 1, 9 and g

INTERDPBET crac s
me
La

Lo ration,
1) Aunicular futter
{2) Auncular futter

T St st |
PPPPPP
PP R PP P .

e o ot g F'- F..

2 T Ehy Ay IV i Py

R pc nn{’mnlar tachycardia  Awm
3 @ waves absent Ihgh a
vandble Ventreulst response wrtegular )latkvdg\cn:‘::u‘;L-;'

{3} Auncular futter
{4) Auticular futter,

vy
!"AURIC. RATE= 160/ MIN,
QUINONNE: AURICULAN TACHYCARDIA WYTIL VARKING
A-¥ BLOCKX FROM HICIi AURICULAR FOCUS, AURICULAR
RATE 160,
Electrocarciographers” Tntespretations

{1} Auncular tachycardia

(2) Auncular flutter.

{3} Auncular tachycardaa

{4} Avncolar futter.

(5} Auncular tachscardia,

| DAY LATER

icular sate 300, P wave up-
ectapic focas Ventricula, 3
aberration e

. ILOCK FRONT
. (B} Becu-

{5} Auncular tachyeardia,

203
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P,
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PP PP

RATE= 214 7 Min. 3 DAYS LATER

Figure 202 (Case No. 7): Ectopic auncular NODE, AURICULAR RatE 214 (B) REGuLAR sINUS
tachycardia. Auncular rate 214 P’ wave up-  mmyTinng

night 1n leads 2, 8 and CF, Absent i lead 1. Tectrocard, hers’ Interpretation
Ta waves absent. High aurncular wropxc focus (1) Aurtcudar tachy cardia
Varymg entnicular sate ¥ {2) Auncular tachycardia.
wregular, Marked ventricular aberration {8) Auncular flutter.
INTERPRETATION- (A) AURICULAR {4) Auncular flutter,
TACHYCARDIA WITH VARIING A-V BLOCK FROM (5) Auncular flutter.

HIGH AURICULAR FOCUS AT OR NEAR THE SINUS



rate o 1 ATERITTERT

sy

Figure 208 {Case No 11) Ectopic auncu-
1ar tachycardia Aunculxr rate 115 P
wae upnght m Jead 1, nerted in leads 2
and 3 Ta waves absent Low auncular ec-
topc focus PR Jnterval .08 Ventncular
rate 115 Ventnicular yesponse regular AV
11

INTERPRETATION: AURICULAR
CACHYCARBGIA FROM LOW AURICULAR FOCUS,
AURIGULAR RATE 115

Comment  Aunculat tachycardia with
thus short P'-R intenial is often diagnosed
tugh nodal tachycardia however, such rec-
onds can be produced experimentally by
stmulation of the caudal region of the hu-
man auricle remote from aunculo-ventneu-
Yar node

Flectrocardhographers’ Interpretation

(1) Nodal thythm
(2) Nodal thythm
(3) Nodal thythm
{4) Nodal rhythm
(3) Nodal rhythm

I s aind

GFy bﬂ‘zﬁt‘iﬂ\;‘ﬂ}‘:\l’\?ﬁq&s&%&%@ '

o o g
i.,‘;:x‘.os (Case No 13)  Ectopie auncular tachycardsa
n. o a::;‘ateTIB‘l P’ wave mierted 1n leads 1 and 2, up.
ht 1 CF, Ta waves absent Low a focus

uncular ect
\aning ventncular rate  Ventneular lesponseopw o
marked ventricular aberration e
INTERPRETATION A CARD:
N Athicuran T

FIOGRESILE A BLOGE GF THE WikCRra o sune e
N

R et s -t
A

Figure 207 {Case No_12). Ectopic auncular tachycardsa.
e eular ate 150 P wave imerted in leads 2 and 3.
‘Abeent 0 lead 1. Ta wares absent. Low aurfeular ectopic
forus PR mtenval 18 Ventncular rate 150. Ventneular
response regular A V L1

INTERPRETATION: AURICULAR TACHYCARDIA FROM
LOW AURICULAR FOCUs, WITH RATE 150.

Electrocardiographers’ Interpretation,
{1} Auncular tachycardia,
{2) Auncular tachycarda
{3) Noda tachycardia,
{4) Noda! tachycardia.
{5) Low suricular or nodal tachycardia

\f""\ﬂﬁ{
Ak *‘_\Iﬂ\“

Ay

i

1OW AURICULAR FOCUS, AURICULAR RATE 187, VENTRICULAR
“ LAR RATE 187, RICULA

Electrocardiographers’ Interpretation,

(1) Auncular tach

1 yeardia with W

{ :‘1{ I;amsysmle or flutter with A-\elnfll::sl;:mmn

(3 Auncula ::ckycnrgna with Wenckebach.
chycardia with W g

(5) Auncalor futier vt Wendepmoyebach.
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Jov— S U..... S
RATE = 353 7/ MIN.
Figure 205 (Case No 10): Ectopic aurnicular
tachycardia. Auncular rate 353. P’ wave up-
nght 1n 1, probably upnght m 2, mverted mn
leads 3 and CF, Ta waves absent High au-
neular ectopic focus Ventneular rate vaning.
Ventricular response irregular.  Marked ven-
trcular aberration

INTERPRETATION (A) AURICULAR
TACHICARDIA WITH VARYING A-V BLOCK FROM
HIGH AURICULAR FOCUS, AURICULAR RATE 3353

("}
7 DAYS LATE

{B) REGULAR SINUS RHYTIM WITH AURICULAR
FREMATURE SYSTOLE FROM SAME FOCUS.
Comment In lead 2 the flutter deflections
are of the sine wave type
Floct, 1 hore' 1

(1) Auncular flutter.
(2) Auncular flutter,
(3) Auncular flutter.
(4) Auncular flutter,
(5) Auncular flutter
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AURIC. RATE = 200 / Min. :
Fugure 211 (Case No 18) Ectopic auncular {1} Auncular tachyearda with complete
tachycardia  Auncular rate 200 P wave inverted heart block wath idoventnenlar thy-
in Yoad 3 absent 1n leads 1 4nd 2 Ta waves absent thm
Low ectopic auncular forus Ventneular rate vary- {2) Auncular flutter with vapable A-V
ing Ventneular response wregular  Marhed ven- lock and probahle rnght bundle.
tncular aberration, branch Blodh

(NTERPRETATION  ALRICULAR SACHYC 4R

DA WITM COVFLETE HEART BLOCK FROM LOW
ECTORIC AURICULAR FOCRLS, AURICULAR RATE 214

{3} Aunculat flutter,
Electrocardiographers” Interpretation

{4} Auricular futter,
{5} Auncolar flutter wath sarwble block
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JAURIG. RATE= 200 / Min.

Figure 209 (Case No. 14). Ectopic auncular tachycardia  Auncular rate 200. P* wave np-
nght 1 CF., Inverted in leads 2 and 8 Absent in lead 1. Ta waves absent Low awncular
ectopic focus, Varymg ventricular rate Ventnicular response irregular.  Marked ventncular

aberration,

INTERPRETATION  AURICULAR TACINCARDIA WITH VARMING A-\ BLOCK FROM LOW
ECTOPIC AUMCULAR FOCUS, AURICULAR RATE 200 HOWEVER, THIS MIGHT BE COMPLETE A-V
BLOCK WITH IDIOVENTMCULAR RUYTHM OR PREMATURE \ENTRICULAR SYSTOLES

Elcet d hers” Inter)
(1) Auncular tachycardia with complete heart block and ventricular pacemaker from

more than one focus
(2) Auncular flutter with left bundle-branch block and ventnicular ectopic beat.

{3) Auncular flutter.
{4) Auncular flutter with aberration and ventnicular ectome beats.

(5) Auncular tachycardia with a vanable bundle branch block.

Figure 210 (Case No. 15) Ectopic ausncular tachy cardia
with premature venmtnicular systoles Auncular rate 200

P wave upnght m lead 1, inverted m leads 2‘ and 3 Ta
waves absent Low auncular ectopic focus P-R mtenval
12 Ventncular rate 100 Ventneular response irregular
AV2l

INTEBPRETATION  AURICULAR TACH)CARDIA WITH

A-V BLOCK 2 ] FROM LOW ECTOPIC AURICULAR FOCUS, AUS

RICULAR RATE 200

£l 1 hers’ Interg
(1) Auncular tachycardia with 2 1 A-V block
(2} Aurcular flutter with 2 1 A-V black

(3) Nodal tachycardia with 2 1 A-V block

(4) Austcular flutter with 2 1 A-V block

(5) Auncular flutter or nodal tachycardia with 2 1
A-V block
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B S e

A GO RATE © 200 7 Min.
Figure 311 (Case No. 16).

Ectopie auncular
tachyeardi Auneular rate 900
IR -

P wave inverted

WA aberration
INTERPRETATION AURICULAR TACHYCAR-

DA WITH COMPLETE MEARy mACR FROM Low

ECTOPIC AUBICVLAR S, AURICULAR BATE 214
Rlectracarchographers' Interpretation

{1) Auncular tachycardia with complete
eart block with sdios entrrcular thy-

thm,
{2) Auncular futter with yanable AV

ock and probable tight bundle.
Branch black

{3} Auncufar flutter
(4) Auncular futter,
£5) Aurdcular Ruttie with yanable black,
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oo p-lﬁ- FA ettt
COF1 Ao g st Aty A "“P-. T I‘-
P g, g ¢ ¢ @
‘RATE = 250 / Min. 5 DAYS LATER

Figure 2}2 (Case No 17} Ectopic auncular ECTOPIC FOCUS, AURICULAR RATE 250, {B) Resu-
tachycardia. Aurcular rate 250 P° ware up-  LAR SINUS REYTIDL
El

right in leads 1 and CF,, inverted in leads 2 and 3. hers’ Interp:

:I"n wases absent, Lo:v auncplar ectome focus. {1) Auncular flutter with 2.1 block.

1-‘ e rate 125, V )! regular (2) Aurcular flutter with 2.1 block.
2.1 (8) Auricular flutter with 2:1 block.
INTERPRETATION. (A} AURICULAR TACHY~ (4) Auncular flutter with 2.1 block.

CARDIA WITI 2.1 A-v BLOCK FROM LOW AURICULAR (5) Auricular flutter with 2.1 block.

A . B c

e h

Qe E - -
3 DAYS LATER & MOS. LATER

Figure 213 (Case No 18). Ectopic tachycardia A lar rate 250 P’ wasves
inverted in leads 2 and 3. Ta wave upnght m leads 2 and 3 Low auncular ectoprc focus
Ventricular rate varying Ventricular response irregular. Marked \entricular aberration
INTERPRETATION (A} AUNICULAR TACHYCARDIA WITH VARYING A-Y DLOCK FROM
LOW AURICULAR FOCUS, AUNICULAR RATE 250 MARKED VENTRICULAR ABERRATION (B

AND C) REGULAR SINUS RRYTHM
Comment Three days later regular sinus shythm wath P waves of increased amphtude

Stx months later regular sinus thythm with P waves beconnng smaller We have frequently
soted this tereased amplitnde of P waves after the termmation of tachycardia This mereased

amplitude may reman present for several days
El 1 Loare

(
(

} Auncular flutter (3) Auncular futter {5) Auncular flutter

1
2) Auncular flutter {4) Anncutar flutter.
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Fogure 214 {Case No 18) Ectopic auncdlar tachycardu
Auncdlar rate 273 P wave mverted 1n leads @ and 9, ab-
sent w leads 1 and CF,, diphasic wn CF, Ta wases wp-
nght in feads 2 and 3 Masked m leads ), CF, and CF.
Low auncular ectopie focus, Varying ventncular rate Vens

tngular response wregular  Marked ventneular aberration

INTERPRETATION  AURICULAR TACHYCARDIA WITH
VARYING AS) BLOCK PROM LOW AURICULAR FOCUS, AURICU-
LaR wATE 213 VENTRICULAR ABERRATION PRESENT

Comment The bizarre ventpcular completes 1n lead §
ate prokably due to ventnoular aberation hecause of the
mtermediate degrees of abertation i the wienvenng come
plewes They ate not ventneular premature systoles

Elctrocardiographers’ Intespretation

{1} Auncular futter with vanable bock
€2) Auncolar futter with vanable block
11} Auncudar fluttes
{4} Auncular Butter
(3) Auncular flutter

PP

-y Telalz

2 RN AN,
3NN AR RN

‘o .
o, ‘NMNAI‘L‘«M(\‘
. RATEx30D

Fignre 215 (Case No 20). Ectopic auncular tachycardia.
Auvricular vate 300 P waves npnght i leads I and CF,
myerted 1n leads 2 and 3 Ta waves upnght in Jeads 2 and
3, absent m Yrads 1 and CF, Low auncular ectopic focus.
Varpng ventrieular tate.  Iregolar ventnenlar response.
Marked ventricular sherration.

INTERPRETATION® ACURICULAR TACHYCARDIA WITIL
VARYING AV BLOCK TROM 1OW AURICULAN ECIORG FOCVUS,
AtRICULAR RATE 300, VENTBICULAR ABERRATION YRESENT.

Electrocardiographers’ Tnterpretation,

(1} Auncular fintter with arregular block.

(2} Auncular flutter with frregular biock.

{3} Auncular Butter with segular block and vari-
able futter rate.

{4} Awnculsr futter

(51 Aunculat flutter
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RATE= 333/ Min.

Figure 216 (Case No. 21). Ectopic auncular tachy-
mrdm Auncular rate 333 P* waves imerted n leads
2 and 8, absent in lead 1. Ta waves upright in leads 2
and 3, absent 1n Jead 1. Low aurncular ectopic focus,
Ventricular rate varying  Irregular ventncular re-
sponse, Marked ventncular aberration
INTERPRETATION (A) AURICULAR Tacniy-
CARDIA WITH VARMING A-V BLOCK FROM LOW AURICU-
LAR ECTOPIC FOCUS, AURICULAR RATE 333 VENTRICU-

1
S Wit Wonate, Wonasa e Massn wagun

RATE=333/Min,

Figure 217 (Casc No. 22} Ectopic auncular
tachycardia  Auncular rate 333 P° waves
upright 1n leads CFy, mverted i 2 and 3 and
masked in Iead 1 Ta waves absent m lcads 1,
2 and 3, merted n CFy  Low auncular ec-

_3 DAYS LATER

LAR ABERNATION PRESENT (B) REGULAR siNUs Rin-
THM WITIL AURICULAR PREMATURE $1STOLE FROM
SAME ECTOPIC FOCUS
1 3
o .
(1) Auncular flutter with vanable block.
(2) Auricular flutter with vanable block
(8) Auncular flutter.
{4) Auncular Rutter
(5) Auncular flutter.

B

A N A
aﬁhu-nh-udh--w-pq~¢

> 1,

I5 Duys luter

AURICULAR ECTOPIC FOCUS, AURICULAR RATE
3833. (B) REGULAR sINUS RINTHM

Comment The change wm shape of the
QRS simulating ventrcular aberration 1s prob-
ably due to wus shaft

topre focus Ventneular rate 166 V. la
response regular AV 21 Shght ventricular
aberration

INTERI’RETATION (A} Aumicuran

FACHYCARDIA WITH 2 1 A-\ FLOCK FROM LOW

et hers” Interp
(1) Auncular flutter with
(2) Auricular fiutter with
(3) Auncular flutter with
(4) Auncular flutter wath
(3) Auncular flutter with

1 block
1 block.
1 block
1 block
1 block.

[EYCFERTYeY
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IR TN

AL ARARARARA
COTRwR e Ha .I" 1
3y ~5::-’\'N'ﬂ fadalad

RATE= 352 /Min.

) | DAY LATER

WA A - LAR ABERRATION PREsyNT. (B) Rrcutar sivus
¢+ RuYTING
Electrocardiographers’ Interpretation-
(1) Auncular Jutter with 2.1 block,
(2) Auncular flutter,
. D aoiu seitiicudr (3) Ausivular flutter with sberrant &Y vone
abersation duction
INTERPRETATION- (A} AvRICULAR TaCHT- (4) Aunculas Sutter,
CARDIA WITH VARYING A-\ BLOCK FROM LOW AURICU- (5) Auncular futter,
LAR ECTOPIC FOCUS, AURICULAR JATE 352 VENTRICY-

T
1

R e
il
Figure 219 (Case Ng 21) v

tachyeardia  Auncular ate 4

Ectopie avricalar

i LAR FOCUS, AURICULAR maTE 200,

00 P way 3 p
barely visble but probably uprght 1 Jesd s lﬁ;“iﬁgugﬁpgfﬁ tempreaton:
ueted in leads 2 4ad 3 Ta waves upright 1 (2) Auncolar tachyom Jony 00K
eads 2 and 3, abseat in lead 1 Lipwr memng. o tochycarda with 23
ectome focus Ventn b

cular vate 200 v
Pesganse reguhir AV 9 ) Ventnenlar

INTERPRETATION

{3) élupraventnm)sr tachycardia with
CARDIA WITH 2 ] A-v

ANRSOVLAR TACHY "
00K Thov: 1oy st (4) Auncular flutter with 2.1 Block,
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Figure 220 (Case No 25): Ectopic auricular tachycardia
Auncular rate 2350. P' wave upright in CF,, small in leads
1, 2 and 3. Ta waves absent Mid-auncular cctopic focus
Varying ventrrcular rate, Trregular ventnicular response.
Marked ventricular aberration.

INTERPRETATION. AURICULAR TACHYCARDIA WITH
VARYING A-% BLOCK, ECTOPIC FOCUS IS IN THE ''SILENT” AREA
{MID-AURICULAR}, AURICULAR RATE 250,

Comment:  Premature ventnicular systoles in lead 2
and not aberration In lcads 1, 2 and 3, one could not
differentiate this tracing from auricular Abullation with
bundle branch block,

h

PV PR wt Ae= =avust CNCR B e WOTH
0

Elect: ” Interpretation,
(1) Auncular flutter with predommant 2-1 block
and defectne intrasentricelar conduction,
(2} Flutter-fibnllation.
(8) Auncular flutter
(4) Auncular fibnllation
(5) Auncular tachy cardia with bundle branch block.

'»...t.‘__»...t.v.,:A...A—-uxu -u..,:....;.-..,—..-r_

{7

do
RATE = 250,

Figure 221 (Case No, 28) Ectopic auncular tachycardia  Auricular rate 250 P wanve

upnght 1n CF;, undetermned n leads 1

,2and 3 Ta waves absent. Mid-auncular ec-

topic focus. P'-R mterval 16 Ventncular rate 125 Regular ventncular response
INTERPRETATION AURICULAR TACHYCAADIA WITH A-V BLOCK 9}, ECTOPIC

FOCUS “SILENT” AREA (MID-AURICULAR), AURICULAR RATE 250
Comment If not for the evidence of P’ waves in CF; this tracing

nodal tachy cardia.
El Y

Aurncular tachycardia with 2 1 block.
h 1

would be called

Nodal

with vanation 1n A-V/

Low auricular or nodal tachy cardra.

(1}
(2)
(3) Auncular tachycardia
(1)
(5)

Auncular tachycardia
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a i [ 1

Figue 22, \Cuse No i) Euopie auncufar tachycardia,
nght 1 lead CF,. Biphanc 1 leads 2 and 3 and undete:
Mid-auricular ectopic focus Varymg ventneular rate,
ventricular aberration
INTERPRETATION:  Avmicvan
FOCUS “SILENT” AnEA (\\‘ID—AUNCL'LAH)
PRESENT
Elmmﬂrdxugﬂphtrs‘ Interpretation
{1} Auacular tachy cardia with irregular block,
{2} Auncular futter with vanable AV bk,
{3} Auncnlar futrer with 3 1 Block
(4) Auncular Butter
{5) Auncular flutter,

Aurtculat rate 230, P wares up-
mned an Jead 1 Ta wares absent,
Irregular ventnewlar response.  Marked

TACHYCARDIA WITH Vamying A

¥V BLOCK, ECTOPIC
» AURICULAR RATE 230 Vg

NTRICLLAR  ASERBATION

Figure 223 {Case No 28): Fctopic auncular tachy car-
13 Auncular rate 250 pr Wwave undetermined in fead
L sme wave 1n loads g and 3. Ta wayes absent  Undp-
terminable auncular focus Ventneular rate 88. Regular
;;:tur;:\:l:rl ::‘slpgnse AV31with premature ventneylyr
INTERPRETATIO‘\"
W 31 Av miock
FOCLS, AVRICULAR pATE: 230,
El«tmczrdmgrapheu’ Interpretation
(1) Aencular finyer
{2) Auncular flutter,

Acricvran TACHYCARDIA

U\ntrl:u\n\'Anu: ALRICULAR
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Figure 224 (Case No 29): Ectopic auncular tachy-
cardia  Aurncular rate 250. P" waves are of the sie
wave type 1 leads 1, 2 and 3. Ta waves arc mashed
Ventricular rate varymg. Irregular ventncular re-
sponse.

INTERPRETATION AURICULAR TACICARDIA
OF THE SINE WAVE TYPE WITIl VARYING A-V BLOCK,
ECTOPIC FOCUS UNDETERMINABLE, AURICULAR RATE
250

Comment: Couplings in leads 1 and 2, due to
cither premature ventricular systoles or to ventricular
aberration It is 1mpossible to differentsate which of

the two is present. Note the distinct auricular intrn-
sicoid deflection in lead CF,.
Elect 1 hers' Inter
(1) A lar flutter with d 41
block and premature ventnenlar systoles.
(2) Auncular flutter
(3) Auricular flutter with v ectopic
beats and aberrant A-V conduction
(4) Auncular flutter.
(5) Auncular futter with vanable block and
ectopic ventncular beats.

GAROTID SINUS PRESSURE

P PP

| —
r - . [
Figure 225 (Case No 30) Ectopie auncular
tachycardia with premature ventnicular systole
Aurcular rate 200 P* wave upnght 1n lead 1
Ta wave upnght m lead 1 Varymg ventrcular

rate

INTERPRETATION AURICULAR TACHY-
CARDIA WITH A-V BLOCK 2 1 AURICULAR RATE
200

Comment In the first part of the tracing
the auricular rate appears to be 400 because
the T waves are confused with P’ waves since

they fall half way between P"-P' After carotid
sinus pressure the true auncular rate is ap-
parent

El

3 bers

(1) Auncular flutter with slowmng of
the aurncular rate after carotid smus
stumulation

{2) Auncular flutter

(3) Auncular flutter.

(4) Auncular futter

(5) Auncular flutter.
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Figure 227 (Case No, 82). Ectopre tachycardia  Auriendar
rate undeterminable. P 2nd Ta waves masked in Jeads 1,
2, 3 and CF, Ventncular sate 200. Ventrcular response

regular,
INTEBPRETATION: ECTOPIC TACHYCARDIA, AURICU~
La® Bam rnmes g T s ' ERMINABLE.
' n:

Figure 228 (Case No. 31) Ectopie suncular
ythm, P and Ta waves absent  Mid-auncu-
lar ectopic focus, Ventncular rate 54
INTERPRETATION Ecroric AvRicuLAR
RIEYTING FXOM MID-AURIGULAR FOCUS, AURICU-
AR RATE 54

Any duptaventricular tachyeatdia.
(4} Auncular flutter,
(5) Auncular flutter

Comment The standard Lmb leads might
be mterpreted as nodal thythm winch it obvie
ously 15 not as shown by the esophageal trac-
g Ectopie focus 15 1n the “silent™ ares of the
auncle

Electiocardhographeny” Interpretation

(1) Nodal thythm
(2) Nodal thythm
{8) Sumas or upper nodal thythin
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HIGH AURICULAR FOCUS
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Figure 228. Furst 10 cases from high auncular
focus arranged 1n order of increasing rates The
) ) hers' o are nd 1

SUMMARY AND CONCLUSION

Thirty-two electrocardiograms of the auricu-
lar arrhythmias have been presented, each ac-
companied by the interprelations of five leading
electrocardiographers rendered according to
standard present-day nomenclature together
with a descriptive type of physiologic diagnosis
proposed as a substitute for the current method
of interpretation. Graphie analysis of the former
diagnoses has demonstrated that current no-
menclature is subject to wide vanations and
results in confusion since it js based on arbi-
trary criteria. It is apparent from the charts
that no line of distinction exists between tachy-
cardia and flutter.

In view of this fact, the verbal distinction be-
tween “tachycardia” and “futter” is msleading.

at each pomnt In only two instances 1s there

complete agrecment  Note that there 1s no

sharp kne of demarcation between “tachycar-
dia” and “futter

Such arbitrary distinctions are obviated when
current nomenclature 1s replaced by a descrip-
tion of the actual events occurring in the auri-
cles. Based on this principle of physiologic de-
scriptive diagnosis suggested in Chapter IX, the
auricular arrhythmia heretofore known as “au-
ricular flutter” should be considered as a form
of tachycardia, usually arising at the caudal end
of the auricle, and occurring at an aurscular rate
rapid enough to cause the development of a
physiologic auriculo-ventricular block. .

Strictly speaking, the term “auricular flutter’
should be abolished promptly. Almost inevit-
ably, however, confusion would result from
such an abrupt change in nomenclature. In def-
erence to traditional usage and for purposcs of
clarity, therefore, we have used the term
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Frgure 228 Fourteen cases from low auncular focus
arranged in order of mcreasing rate The electrocars-
diographers’ diagnoses are mdicated at each pont

throughout the remainder of this monograph
but with the impheit stipulation that auricular
Rutter is a tachycardia at an auricular rate
rapid enough to cause physiologic auriculo-
ventricular block. 1t 1s hoped that the designa-
tion “auricular futter” gradually will fal} into
disuse as physicians and medical students be-

In only eight instances s there complete agreement.
This chart clearly shows that there 1s no shorp hre
of demarcation between “tachycardia™ and “futter.”

come fanuliar with the physiologic descriptive
nomenclature sllustrated in the present chapter.
Only when “tachycardia” and “futter” are diag-
nosed in terms of the physiologic disturbance
will the prevailing confusion be avarded and

treatment placed on a rational and wnderstand-
able basis.



CHAPTER XI

Clinical Aspects of Auricular Fibrillation

Avmicuran fbrillation is a cardiac arrhythmia
" consisting of asynchronous fibrillary twitchings
in various parts of the auricular walls, to which
the ventricles respond irregularly with contrac-
tions of variable force depending upon the in-
tegnty of the conducting tissue. Some of the
ventricular beats are too weak to produce a
palpable pulse, with the result that the pulse
rate at the radial artery may be appreciably
lower than the heart rate determined at the
apex (pulse deficit). The cinematographic and
electrocardiographic characteristics of auricular
fibrillation are described in detail in Chapters
XII, X1 and XIV." |

Incidence and Etiology: Auricular fibrilla-
tion is among the most serious and frequent dis-
orders of the cardiac rhythm, and is the com-
monest arrhythmia observed in decompensating
hearts. Approximately 70 per cent of all cases
of advanced failure display this form of arrhyth-
mia at some time.?" “Absolute arrhythmia”
(pulsus irregularis absolutis), “nrregular irregu-
larity” and “delirinm cordis” are synonyms in-
dicating the essential clinical characteristics of
the condition. The term “perpetual arrhythmia”
(pulsus irregulans perpetuus), formerly used in
the belief that fibrillation 15 a permanent dis-
order, was abandoned with the discovery that
many patients suffer repeated attacks which
terminate spontaneously (paroxysmal fibrlia-
tion). The majority of instances occur in asso-
ciation with rheumatic and hypertensive heart
disease, in hyperthyroid states and in elderly
persons. More rarely, fibrillation develops in
young, healthy individuals with otherwise nor-
mal hearts. The incidence is greatest during the
third and fourth decades among patients with

valvular heart disease and during the sixth and
seventh decades among those with nonvalvular
heart disease. Although auricular fbrillation
may develop at any age, it is relatively infre-
quent in the first two decades and is rarely seen
in children under 12 years of age. Goldbloom
and Segall 7 observed auricular fibrillation in
a three-month old infant whose heart was other-
wise normal, spontaneous conversion to sinus
rhythm occurred at one year of age, and a 10
year follow-up study failed to reveal evidence
of cardiac disease.

The sex incidence varies widely in the series
reported to date but in general auricular fibrilla-
tion associated with rheumatic heart disease
occurs more frequently among women while
the arrhythmia accompanying degenerative
heart disease 15 found more frequently in men.
Whate ©* noted that twice as many instances of
auricular fibrillation among males as among fe-
males; the converse was true among Cook-
son’s ™ patients. Luten and Jeffries ‘™ found
an almost equal sex distribution in their series
of 431 cases. The small number of patients with
fibrillation and heart disease described by
Evans ' included a shght predominance of
women among the rheumatic group and a ratio
of three men to each woman in the nontheu-
matic group Of 119 cases of anricular fbrilla-
tion in nonrheumatic diseased hearts stucred at
autopsy by Brown,” approximately two-thirds
were in males, however, 12 of the 15 hearts
which showed no pathologte lesions were from
females. Friedlander and Levine’s #* series of
35 instances of fbrillation without evidence of
organic heart disease mncluded 32 males. Ina
group of 651 cases seported by Hanson and

[220]
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Roled

29 g}l inst: of established fbrilia-
tion anod 55 per cent of instances of paroxysmak
fibnilation were in men

Auricular Fibrillation in Heart Disease: Au-
sienlar Rbrillation may accompavy any type of
heart disease but is most frequently assocu}ted
with theumatic valvulitis, particulasly itral
stenosis In a tabulation of 14 availoble reports
covering a total of 2,958 cases of anneular fbril-
Jation, Evans ' found the meidence of sheu-
matic heart disease to vary from 20 to £9 per
cent, averagng aspproamately 49 per cent
Evans own seqies of 39 patients with fibrillation

Tuded 22 ples of rh tic heart dis-
ease (54 per cent}.

Elderly patients with nouvalyular or non-
rthenmatic heart disease often exhibit auricular
fibrillation, ™ 119 3% % Authorities disagree con-
cerning the exact pature of the pathologic
process present in this group. Levine®® de-
senibed it as “the condition called chrome myo-
carditis 1 widdle-aged or elderly people in
whom there 15 no umportant disease of the
valves but rather some functional or structural
damage ta the musculature of the heart ™ Caak-
sor’s ¥ patients with nonvalvidar heart disease
and avnenlar fibrillation displayed “no constant
associated conditions, except that of age” On
the other hand, Brown's™ study of 118 m-
stances of Hus type revealed the presence of
hypertension 1n 798 per cent of the patients
with persistent fibrillation and 1n 88 5 per cent
of thase with transient fbullaton A pre-exist-
mng hypertension which may have disapy

21
predispose to the development of auricular
fbrllation {s congestive failure. Ccm'crsc]);i
prolonged rapid fibeillation, ltkq uncontrofie
tachycardia, may precipitate cardiac dcmmpFn~
sation. Thus, in a given instance jt may he 'dxﬁ' 3
cult to determine whether the arrhythmia or
the congestive failure was the initial disturb-
nee.
° 'c!'(;me common oeeurrence of auricalar filisilla-
tion in thyrotoxicosis has been noted by many
Qbsﬂ[\'e[s." 29, 37, 154, 250, 23T, 202, 30T, 324, 2 In 2’955
cases of auricular fibrillation which Evans '™
collected from the literature, the incidence of
thyroid disease reported by various authors
ranged between 0 and 44 per cent, averaging
about 9 per cent. Parkinson and Campbell’s +
series of 200 examples of parorysmal fibrillation
included 98 cases {14 per cent) associated with
goiter. The nature of the injury suffered by the
heart in thyrotovicosis remains abscure. Most
authonties believe no permanent cardiac dam-
age results even when extreme hyperthyroidism
has existed over a profonged period. A compre-
hensive review of this subject has been written
by Maher and Sittler®® In a senies of 180 cases
these authors found that “congestive heart fail-
ure was not present in uncomplicated thyro-
The p of this ph was
d with the ¢ of a structural
lesion, Abnormal cardiac physiologic function
as determined chnieally or demonstrated objec-
twvely by the electrocardiogram, such as heart
blacsc (all types), damage to the ventreular

i
with the onset of the arrhythmia or with the
onset of congestive falure undoubtedly is re-

ble for certan i of guricnlar fbnl-
lation assocsated with nonvalvular heart disease
In many such ecases, however, some structural
change of the myocardmm associated with
ge, or “presbycardia” (a term suggested by
Dock 5}, probably constitutes the underlying
pathologie process
The majonty of mstances of advanced con-
gestive failure are associated with auricular
fibrillation, In all forms of heart disease, re-
gardless of cause, the one factar most a;;t to

system and o Yar Sbrillation, ap-
peared to be manifestations of primary organic
heart disease modified by the element of thyro-
toxicosis. The effect of thyrotevicosis appeared
to be that of a catalytic agent, The course of
the organic heart disease progressed more yap-
wly when thyrotovcosis was active. The thyro-
tocosis brought to the surface latent cardio-
vaseular lesions, which resumed their latency

on the successful termmatio i
on tho 5 fon of the thyroid
Syphilitic heart diseas i
e seldom is associated
mf&\h a'\mvular fbrillation Among 2,958 cases
of fbrillation collected from the literature by
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Evans ™ the incidence of syphilis was approxi-
mately 1.5 per cent; none of Evans’ own series
of 89 patients with persistent fibrillation ex-
hibited the infection. Parkinson and Camp-
bell ** found syphilitic aortitis in five of 200
instances of paroxysmal fibrillation (2.5 per
cent). In syphilitic heart discase, as in other
types of cardiac conditions, the incidence of
fibrillation is greater in the presence of conges-
tive failure,

The association of angina pectoris with auri-
cular fibrillation is hkewise uncommon. Cook-
san ¢ found only five such instances in a series
of 2,000 patients. The rarity with which angina
pectoris is observed in auricular fbrillation
tends to support the conclusion of Brown;™
Cookson; **® and Brill and Meissner; © that
coronary disease is not a significant etiologic
factor in this arrhythmia. Nevertheless, the
transient occurrence of fibrillation during the
early course of acute coronary thrombosis has
Dbeen noted frequently.®® 543

Both auricular fibrillation and subacute bac-
terial endocarditis are common camplications in
rheumatic heart disease, but the coincidental
occurrence of these two conditions 1s compara-
tively rare. High-grade mutral stenosis appears
to favar the development of fibrillation; bacter-
ial endocarditis tends to be engrafted upon a
mildly affected mitral valve and upon a de-
formed aortic valve #7 Cookson *1° noted only
three instances (0.25 per cent incidence) of in-
fective endocarditis 1n a series of 1,200 cases of
auwricular fibrillation, Two of these three pa-
tients came under observation with both condi-
tions present; in the third, fibrillation developed
immediately before death Cookson could “find
no example in the literature 1 which the infec-
tion has developed in a patient already under
observation with auricular fibrillation,” Since
the publication of this statement such instances
have been noted by several observers®® in-

cluding the authors.

The existence of an etiologic relationship be-
tween auricular distention and auricular fbril-
lation is suggested by the frequent association

of the arthythmia with mitral stenosis, hyper-
tension and congestive failure. This question
has received the attention of several investiga-
tors %% 403464 and js considered in Chapter XIV.
Auricular Fibrillation in Normal Hearts: The
demonstration in 1913 by Gossage and Hicks
that auricular fibrillation may occur in an other-
wise normal heart has been confirmed by nu-
merous investigators.® 0 20% 210, 343, 47, 4;2 4
comprehensive review of the subject was re-
cently presented by Hanson and Rutledge
together with a report of 30 such cases found
among a series of 651 patients with fibnllation
observed at the Lahey Clinic. On the basis of
the various series reported, including their own,
Hanson and Rutledge estimate that 6.5 per cent
of all instances of fibrillation pecur in normal
hearts.
< Effect of Drugs and Chemicals on the In-
duction of Auricular Fibrillation: As primary
factors in the causation of clinical auricular
fibrillation, drugs and chemicals cannot be con-
sidered of great importance. Orgain, Wolff and
White 77 collected from the literature instances
in which the development of fibrillation in nor-
mal hearts was attributed to epinephrine, digi-
talis, acetylsalicylic acid, ether, alcohol, to-
bacco, hydrogen sulphide, arsemc, carbon
monoxide, and gasoline fumes. These rare oc-
currences, however, rather than constituting
tlustrations of specific pharmacologic action,
may more logically be considered either as 1s0-
lated instances of drug idiosyncrasy or as ex-
amples of the “trigger” mechanism suggested by
Friedlander and Levine According to the
latter concept, the drug or chemical acts as 2
trigger upon a heart which, theugh structarally
normal, is functionally so altered as to be sub-
ject to the sudden inception of auncular Abrilla-
tion upon contact with some irritation or excit-
ing agent. The same mechanism was suggested
as a possible explanation of the spontaneous
occurrence of fibrillation n certain mdwiduals
with othenwise normal hearts In such cases
“it is possible that an inherent susceptibihity to
functional nervous instability provides a fertile



CLINICAL ASPECTS OF AURICULAR FIBRILLATION

field for the propagation and persistence of
aberrant stimuli whenever these people are sub-
jected to a particalar inciting factor; ie., emo-
tional strain, acute febrile or toxie disorders . . .
the trigger may be related to the adrenal
gland.” 2

As secondary factors in initiating fbrillation
m defimte disease states, the role of certain
drugs and chemicals appears more clearly es-
tablished. McEachern and Baker*” induced
fbrillation by the administration of dsgitals in
nine patients with cardiovascular syphulis; this
finding is partieularly significant m view of the
comparative rarity with which the arthythmia
is observed in syphilitic heart disease. Tung **
reported the appearance of transient aurcular
fibnllation m 15 patients in association with full
or evcessive digtalization, and disappearance
of the arthythmia on withdrawal of the drug
Twelve of these patients presented gross evi-
dence of heart disease Of the remainder, one
suffered from mitral valvular obstruction due
to a myxoma of the left atrum and another
from severe toxemua resulting from suppura-
tive pneumococcal pleurisy The fifteenth pa-
tient was a 64 year old man exhubiting carci-
noma of the esophagus, atelectasis of the left
Tung and displacement of the heart to the left.
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factor (from the action of the drug); and (.2)
an exciting agent acting on the heart (‘thymvms
or electric shock), designated as the “E fz.lclor.
They further theonzed that the mechanism of
clinical Sbrillation involves the interplay of
these twa factors, The “E factor” is represented
by the stretching of the auricular musculature
as in mitral stenosis and in congestive failure,
by the overactivity of the thyroid in thyrotoxi-
cosis, and by functional nervous instability in
some organically normal hearts, In the presence
of any of the above states (“E factors™), should
overactivity of the vagus develop or should the
individual be abnormally vago-sensitive, auric-
ular fibrillation may result. This theory is not
incompatible with the “trigger” concept of
Friedlander and Levine.

In summary, the evidence presented in the
Iterature to date fails to establish any single
factor as a sufficient cause of auricular fibrilla-
tion. Rather, the development of the arrhyth.
wia apparently depends on the interplay of a
number of circumstances which most often
arise in the presence of grave heart disease, es-
pecially during the stage of congestive failure,
in certain toxic states, particularly thyrotoxi-
cosis, and in elderly persons with or without
heart disease. These circumstances, however,

Rosenblum, Hahn and Levine *® produced
transient auricular fibnllation w hyperthyroid
animals by the mjection of doses of epmephnne
too small to alter the cardiac thythm of animals
with normal or subnormal thyroid function
Nzhum and Hoff #* converted normal heart
action to auncular fibnllation 1n four patients
with hyperthyroidism by admmsstration of 075
mg of acetyl-B methylcholine chloride per kilo-
gram of body wesght but faled to jnduce such
changes m normal persons given even larger
doses of the drug  Acetyl-B-methylcholme
chloride alse preeipitated the arrhythmia
electrcally shocked animals Smee the prnc-
pal action of thys drug 15 vagus stimulation
Nahum and Hoff concluded that the pmduci
tion of fibnllation in their subjects was the

effect of two distinct factors (1) a vagus

may also combime to initiate the arrhythmia in
younger, healthy individuals with hearts which
otherwise appear normal, The Jatter group m-
cludes probably some 4 to 9 per cent of all
instances of auncular fbnllation.

Pathology:  General agreement prevails
among authorities that no specific histologic
lesions are characteristic of auricular §billa-
tion. Yater ' reached this conclusion after a
co.mprehensn'e review of the literature and a
microscopic study of 29 hearts which had been
the seat of the arthythmia. Similar conclusions
were reached carler by
later by Cookson; 110
Brown, ™2 Stroud, La;
Friedlander and Le:

Frothingham; 2% and
Lewis, 37 \Vhite, ©5¢
place and Reisinger; %t and
; vine 10
mguirsahlon l;[ :lhu-icular Fibrillation: Fibrlla-
class i
wfied as (1) persistent, permanent,
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or established; and (2) transient or paroxysmal.
Both varieties may occur in association with any
type of heart disease or in a heart which is
otherwise normal. The transient variety may,
after a number of paroxysms, become estab-
lished. Few statistics are available concerning
the relative frequency of the two types, In
White and Jones” ®® series of 376 cases of fibril-
lation including 30 patients without other evi-
dence of heart disease, 309 (82.2 per cent) were
classified as established and 67 (17.8 per cent)
as paroxysmal. In Kohn and Levine’s * group
of 49 patients including three in which no other
heart disease was demonstrable, 46 (93.9 per
cent) were classified as exhibiting permanent
fibrillation,

Friedlander and Levine *'® “arbitrarily” classi-
fied fibrillation as permanent if the arrhythmia
persisted longer than seven days, on the as-
sumption that “any attack lasting more than a
week would not be likely to cease spontane-
ously.” In a series of 200 cases of fibrillation
reported by Parkinson and Campbell,*®* the
duration of the paroxysms varied from one to
48 hours in 160 patients, from two to four days
in 20 patients, from four to seven days in eight
patients and from seven days to a maximum of
three weeks in the remaining 12 patients.
Among Hanson and Rutledge’s ** patients with
otherwise normal hearts 90 per cent of the par-
oxysms lasted less than 24 hours and 60 per cent
less than four hours. Orgain, Wolff and
White ¥7 describing their series of 49 cases,
nated “great variation in the duration of parox-
ysms — from the shortest of a few minutes to
the Jongest lasting one year.” Usually, however,
the paroxysms lasted “a few hours or days.”

The above observations appear to justify the
conclusion that m the large majority of cases
of transient fibrillation the paroxysms do not
last longer than seven days. Such cases have
been observed by Burch,” Fogel,"® and the
authors.

Symptomatology: Palpitation 1s the most
common symptom of auricular fibrillabon  Ex-
haustion, breathlessness, faintness and giddi-
ness may also accompany the arthythmia. Pamn

is rarely a complaint. Orthopnea was the first
symptom reported by 2 of our patients. The
onset of the attack may not be associated with
any particular subjective phenomena, so that
the patient is unaware of the change in cardiac
rhythm. In rare instances the onset is stormy,
being accompanied by intense distress with
symptoms of shock and prostration. Typically,
however, the patient experiences the sudden
onset of palpitation and a variable degree of
discomfort without complete disability.
Diagnosis: Diagnosis rarely offers appreci-
able difficulty. In most cases the disturbance
can be identified by means of the palpating
finger and stethoscope (or naked ear). Sir
Thomas Lewis®*® gives the following rule:
“Given a decompensated cardiac with a heart
rate as counted at the apex of over a hundred
and a radial pulse that is appreciably less (a
pulse deficit of ten or more beats) if the thythm
seems grossly irregular and the pulse is irregular
in both time and force the condition is auricu-
lar fibnllation nine times out of ten.”
Frequent, irregularly spaced extrasystoles oc-
casionally pose a problem in differential diagno-
sis. In that condition, as in auricular fbnilation,
short, weak beats are followed by compensatory
long pauses. In fibrillation, however, long
pauses also occur frequently after strong beats,
a phenomenon not seen in the extrasystolic ar-
thythmia. Any factor which accelerates the
pulse rate, such as exercise or atropine, tends to
increase the arthythmia of fibrilation and to
dimmish the irregularsty due to extrasystoles;
agents which lower the pulse rate have the
converse effects. Finally, the diagnosis can be
established conclusively by graphic methods.
The disappearance of the auricular wave in
polygraphic tracings rules out the presence .of
premature  auricular  systole. Electrocardio-
graphically, auricular fibrillation is demon-
strated either by the absence of P’ waves and/or
by a succession of arthythmic oscillations of
variable configuration and amphtude (see
Chapter XIII). The ventricular complexes of
Ebrillation are irregularly spaced, but are other-
wise normal in shape and size m a given trac-
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ing except for changes due to possible asso-
ciated discase involving either venm?]e. Some
degree of ventricular aberration often is prese.nt.
Effect of Auricular Fibrillation on Cardl‘ac
Function: The effect of fbrillation on cardiac
function varies greatly. In some instances, pro-
longed Bbrillation appears to cause little or no
harm, especially if the heart action is main-
tamed at a reasonably slow rate either by ad-
muustration of digitals or by organic heart
block without drugs®® Friedlander and Le-
vine *'® observed an instance of auricular fbril-
lation known to have persisted for 31 years with-
out medication, the patient extubited no incapa-
ety untd five years prior to death when a left
h hemi is developed due to
24 ¥ L
cerebral embolism. Another patient desenbed
by these workers “has remained well for years
without medication although the rate is always
rapid.” We have observed five siblings (two
brothers and three sisters) all of whom ex-
Ibited fibrillation since childhood and none of
whom ever required medical treatment of the
arthythmia At present, two of the sisters are
alive at the ages of 74 and 82 years respectively,
One sister died at the age of 78 and a brother
died at the age of 75 The remainng brother
died of coronary thrombosis and myocardial in-
farction (established gt autopsy) at the age of
58 years. Smilar instances of persistent “fam-
wlial” Bbrillation have been reported by Wolff s
and Hanson and Rutledge 2%

In other stances, grave disturbance in car~
diac function apidly follows the onset of fbril-
lation, although no structural changes of the
heart may be demonstrable by available clin-
1cal means Such a case was ohserved . 61, 1 i
@ previously healthy woman, Fibrillation first

appeared at the age of 43 years without appar-
Y e
¢ > SEVere congestive farlure developed
with generabized edema and signs of fluid i
the serous cavities Regt and digitahzation for
one week reduced the heart rate from 160 ¢,
83, praduced extensive dinresis ity 2 Tos: (;
15 pounds n we; ht, and s o
ton o a consid e o Testored Compensa-
nsiderable extent, Huemgen.ray ex-

amination disclosed that the plenral and peri-
cardial effusions had largely disappeared and
the cardiae shadow was nearly normal. Elee-
trocardiograms showed the auricles were still
fibrillating but the heart was othenwise n?mal
except for slight changes due to digitalis. r\
“test” dose of 3 grains (0.2 gram) of quini-
dine was administered, two hours later the
heart rhythm was found to be normal. Quini-
dine in half grain doses twice daily was con-
tinued for two days, after which medication
was discontinued. Within one month the pa-
tient resumed her normal mode of life. To this
writing, 15 years later, she has remained en-
tirely well. As well as can be determined by
clinical methods, including radiographic and
c]ectrocnrdiographic studies, her heart js en-
tirely normal. A similar example of severe ear-
diac dysfunction Tollowing the onset of aurie-
ular fibrillation is Case 186 reported by Park-
inson and Campbell* These authors point out
“how much disability may be produced by
fbrillation, apart from any other diseases of
the heart.”

Between the two extremes described aboye

are found the majority of instances of fhnlla.
tion. In these, the archythmia causes a degree

of ecardiac embarrassment which adds measue-
esy already present in patients

. On the other hand, for
altogether cle;

reasons not
ar, the presence of

auricalar fibil-

The 8ererally accepted conclusi
ular fibrllation predisposes
guncular thromb; 312 nutwiths!andmg, the inej.
1ence of embolism i ot as much greater in
this arrhythmj, than in normal sinus thythm,
zs was formerly believed 110,313, 338 Emb()ﬂism
; lf:sc ogc'ur r}r]xor}(]e frequently, however, when

rdiac thythm becomes normal aft
y after pro-
longed fibrllatipn, Apparently the sudden op-.

on that aurie-
to the formation of
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set of normal rhythm is an important factor in
the production of emboli.??* #17

Prognosis: Auricular fibrillation in the ab-
sence of other evidence of heart disease pre-
sents a favorable prognosis. Orgain, Wolff and
White 7 found the few cardiovascular changes
in their series of 49 such cases “rarely serious
and in some instances wholly incidental to the
presence of fibrillation. Hyperthyroidism was
an uncommon complication. The mortality from

auricular fibrillation or from cardiac disease
was almost negligible.” These conclusions are
in agrcement with those of Parkinson and
Campbell; *** Friedlander and Levine; 2° Wil-
lius and Dry; *** and Cooke and White.!*® The
example of familial fibrillation reported earlier
in this chapter is further evidence of the rela-
tive benignancy of this arrhythmia occurring
in an otherwise normal heart.



CHAPTER XII

The Motion of the Auricles In Auricular Fibriilation

Brcavse or Tie Tapidity and coraplexity of
‘mechanical and electrical events during auric-
wlax fbnllation, investigation of this disturb-
ance iy more difficult than are parallel studies
of auricular premature systole and tachycardia,
Despite these inherent himitations, the applica-
tion of modem equipment and techniques has
yielded new evidence concerning the nature of
aurienlar fibnllation. By means of high-speed
motion pictures magnified to reveal the mi-
nutest details of aurieular actwvity, the motion
of the fbrillating auncles ; man and experi-
mental ammals has been visuahzed and studied,
The phenomena seen m the films have been cor-
related with electrocardiographic and oseillo-
graphic records from both man and dogs.
Cmematographic  observations  of  auncolar
Sbnilation are reported 1n the present chapter.
C d 1 duegraphic and oseil-

le

of the puncture. These views were disposed of
by MacWilliam *** in 187, who showed that
complete spontaneous recovery from fibrillation
frequently occurred in the dog. MacWilliam of-
fered the alternative theory that the cause of
fibrillation was to be found in the condition of
the cardiac muscle itsclf. e postulated that
the excitation wave of fibrillation pursued a
smuous conrse through the suricles, traveling
in 2 divecti ined by the excitability of
the muscle fibers in its path. Re-entry of the
wave inta the angmal pathway was hypothe-
sized While MacWilliam did not specifically
refer o refractory periods and circus move-
ments as such, he clearly anticipated these con-
cepts. MacWilliam’s writings, while prophetic
m natare, were based upon insufficient experi-
mental evidence 1o carry conviction and went

P 4
loscopic observations constitute the subject of
Chapter XI{I

EXPERIMENTAL STUDIES*

Early Investigations: One of the earliest
hypotheses concermng the nature of Bhrillation
was advanced 10 1874 by Aubert and Dehn; *
these authors suggested that the dwsturbance
was produced by mjury to a nervous “coordina-
tion center” m the heart, Kronecher and
Schiney ™ n 1864 produced ventricular bril-
lation by puncture of the upper third of the
ventricular septum They beheved, as did Au-
bert and Dehn, that the mcoordinated beat was
due to destruction of a nerve center in the area

* Mauch of the folionmg hustoncal

materta]
from the excellent reviews of Lewis™ ancll (v)‘:rsm‘;b't'?med
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heeded by his contemporaries until taken
up again in 1918 by Lewis,

Porter * in 1894 added the fundamental ob-
servation that functional intramuscular blocks in
the auricle could deflect the course of the im-
pulse and make it assume devious and redun.
dant paths.

Engleman in 1895 struck by the fact that
vaxiows patts of the Abrilating auricles were
fx\ different phases of contraction at a given
instant, postulated the existence of multiple iso-
Jated areas of impulse
the musculature. He st
discharging sinleana-

formation throughout
ated that ectapic fooi

. v+ nwlwauon,  Engle-
man's theory of polytop | i

v pic impulse f
gained the support of Jo . porary

ading contemporary
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workers in the field, including Lewis and Win-
terberg, largely because it provided a rational
basis for the observation that premature sys-
toles frequently preceded the onset of fibrilla-
tion. This theory was later abandoned by Lewis
and others in favor of the concept of re-entry.

MacKenzie in 1910 suggested that the auric-
ulo-ventricular node was the cardiac pacemaker
in auricular fibrillation, and referred to the
disturbance as auriculo-ventricular nodal
rhythm ¢ :

Rothberger and Winterberg in 1914 con-
ducted the first investigation of auricular flut-
ter and fibrillation ® by means of direct auric-
uvlar Jeads. They rejected Engleman’s notion of
multiple ectopic impulse formation and pro-
posed the alternative concept of tachysystole,
which they described as a tachycardia originat-
ing from a single focus at the extremely rapid
rate of 3000 to 3500 beats per minute. Their
investigations were made on cats in which au-
ricular fibrillation was produced by faradic
stimulation.  Lewis 3 rejected the concept of
tachysystole and felt that the rapid rates de-
scribed by these investigators were in reality
artefacts produced by the electrical stimulation
and were not a function of the auricles alone.
Garrey's excellent review in 1924 brought forth
much additional evidence against the concept
of simple tachysystole as the mechanism of au-
neular fibrillation. "

The Circus Movement Theory: The theoret-
ical basis for the circus movement theory of
auricular fibrillation was provided by Mac-
William’s hypothesis of a re-entry phenomenon
together with Porter’s intramuscular block ex-
periments.**? Garrey 1 1914 proposed the ex-
istence of a circus movement in fibrillation 7
The almost universal acceptance of this theory,
however, is a result of the detailed studies of
Lewis and his co-workers, instituted in 1918.1%
562, 389, 373, 383, 384

As in his investigations of auncular flutter
(Chapter V), Lews’ study of the mechamsm
of auricular fibrillation 3° was based primarily
upon an analysis of curves derived from direct

<.

auricular lead electrocardiograms of experi-
mentally produced auricular fibrillation, No
observations were made on the body of the left
auricle. Lewis found it more difficult to estab-
lish the existence of a circus movement in fibril-
lation than in flutter for as he stated: “In meas-
wring records of this type ( fibrillation) it is often
difficult to fix upon that deflection which most
truly represents the passage of the excitation
wave. . . . Sometimes the waves pass up the
appendix over all contacts; sometimes they pass
up and return over the contacts; sometimes in
passing up they swerve and meet the contacts
at right angles. . .. In attempting to analyze im-
pure flutter, a stage is reached at which, owing
on the one hand to the altering form of the au-
ricular complexes, and on the other to the
sinuous courses of the centrifugal waves, any-
thing like 2 complete analysis of the paths taken
by the waves becomes impossible.” **

Nevertheless, from a “broad analysis™ Lewis
conchuded that auricular fibrflation was “a con-
dition in which a single excitation wave circu-
lates continuously through the auricular muscle
(Figure 230). The path taken both by the cen-
tral and centrifugal parts of this wave is sinuous
and varies 1 greater or lesser degree from cycle
to cycle” In general, the main fibnllation
wave was thought to pursue a circular pathway
similar to that of the flutter wave except that its
course was rregular and sinuous Centrifugal
(daughter) waves arising from the main wave
were pictured as pursuing an undulant and de-
vious course through the auricular musculature,
doubling back upon themselves and spreading
to all adjacent muscle fibers that had recovered
sufficiently from the previous contraction to be
able to contract again.

Thus the results of three years of ntense
work led Lewis to the conclusion that auricular
fibrillation in the experimental animal and, by
analogy, in the human subject is due to a wave
traveling in a variable and siuous circus p.nﬂ\-
way around the caval openings in the auricle.

That Lew:s’ investigation of fbrillation
proved difficult 1s not surprising when one con-



229

MOTI OF THE AURICLES

LEFT_AURICLE

\SOELECTRIG_PERIOD

DAUGHTER WAVES

RIGHT AURIGLE

MAIN_CIRCUS_PATH

HYPOTHETICAL GIRCUS MOVEMENT

Figare 230 Diagram showing
auncular fbullation Ny
suders the lLinmtations of the equipment avail-
able at that time and the inadequate exposure
of the heart used 1n s expermments, Most of
Lewis observations were on aurcular flutter;
the cireus movement theory of fibrillation was
denved prmanly by analogy with the slower
arthythmia  Although the existence of 2 circus
mechamsm in auncular fbnllation was sug-
gested ongmally only as a theory, the concept
has taken root and flounshed. At present 1t is
accepted more or less as fact 1 most textbooks
covering the subject and by most physiol
phar )l and cardiol

BISIS,

g the irregular pathway of the hypothetical circus movement in
ote the 1oelectne gap and the irregular daughter waves

main airculating waves of auricular flutter and
auricular fibnilation by crushing with a clamp
or application of broad ligatures at various sites
on the auricles % In 16 of 17 experimental ani-
mals, the flutter or fbullation persisted un-
changed. Andrus and Carter produced auricu-
lar fibrillation 1n the dog during vagal stimula-
tion by applying a single induction shock to the
auncular appendix soon after the end of the
refractory period. Since no measurable gap ap-
pea:cd on the electrocardiogram between the

Recent Experimental Findings: Expenments
performed by a number of observers duning the
past 30 years have yielded results which appear
mcompatible with the circus movement theory
as proposed by Lewss  None of these observers,
however, has advanced an alternative concept
concerning the mechamsm of auncular fibnlia.
tion Among the more mportant recent obser-
vations are the following.

Scherf i 1925 attempted to mterrupt the

7 of the lus and the onset of
fibrillation, these authors concluded that the
arthythmia arose at the point of stumulation
and not in a nng of muscle at the base of the
auncles.® Brams and Katz in 1931 reported that
complete separation of the right from the left
auricle by a deep crush did not alter experimen-
tally produced auricular flutter and fbrillation
it the dog as recorded from non-palarizable
electrodes on each auricle.%* Although this find-
g was considered inconsistent with the cirens
movement theory as described by Lewis, the
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investigators suggested that two new circus
movements might have formed, one on either
side of the crush,

All experimental studies of auricular fibrilla-
tion reported to date have been based upon
electrocardiographic interpretation. The high-
speed color cinematograph affords an oppor-
tunity to clearly visualize the actual events tak-
ing place in the auricles during this complex
arrhythmia. In the present investigation, cine-
matographs of experimentally produced auric-
ular fibrillation in over 90 dogs were recorded
and subjected to detailed examination. Oun two
oceasions a cinematograph of spontaneous au-
ricular fibrillation in a human subject was re-
corded during auricular appendectomy. The
methods of production used and results ob-
tained are described in the remainder of this
chapter.

METHODS OF PRODUCTION

In the present series of experiments, four
methods were employed to produce auricular
fibrillation 1 dogs: (1) electrical stimulation;
(2) application of aconitine; (3) mechanical
stroking; and (4) application of acetyl beta
methylcholine combined with anoxia.

The auricles m 10 dogs were subjected to
rhythmic electrical shocks at a rate above 600
per minute. After shmulation was discontinued
fibrillation generally persisted as an after-effect
for a few seconds, sometimes for several min-
utes. In the early experiments auricular fibnl-
lation was studied only during the post-stimu-
Iatory phase; motion pictures and electrocardio-
grams were recorded immediately after the
stimulation was discontinued. It was soon
found that the cmematographic appearance of
the fibrillating auricles was 1dentical during and
after stimulation. Hence, in some of the later
experiments cinematographic observations were
made during both the period of electrical stimu-
lation and the post-stimulatory phase.

The application of aconitine proved most
advantageous for our purposes as the arrhyth-
mia was mare easily produced and lasted longer

than that obtained as an after-effect of elec-
trical stimulation. By mixing the acouitine with
India ink the exact point of application eould
be readily identified on the films and the ec-
topie focus thus easily located.

Mechanical stroking of the auricle and appli-
cation of acetyl beta methylcholine combined
with anoxia were employed in three or four of
the earlier experiments. These methods were
soon discarded because the resulting fbrilla-
tion was of short duration and difficult to stand-
ardize.

Auricular fibrillation in a given animal has
been photographed during electrical stimula-
tion, as an after-cffect of electrical stimulation,
and following aconitine application. The aconi-
tine-induced fibrillation was obtained after
sinus rthythm had been re-established following
electrical stimulation. The cinematographic ap-
pearance of the auricles in all three instances
is identical. The electrocardiographic patterns
recorded immediately after electrical stimula-
tion and following aconitine application also are
identical. (Electrocardiographic analysis of the
fibrillation obtained during electrical stimula-
tion was impossible because of the numerous
deflections caused by the stimuli themselves.)
Thus the cinematographic and electrocardio-
graphic appearance of auricular fbrillation is
identical regardless of the method used in its
production,

THE CINEMATOGRAPHIC APPEARANCE
QF THE FIBRILLATING AURICLE

When the fibrillating auricle 15 viewed with
the naked eye or on normal speed motion pic-
tures, one sees a shimmernng mass in rapid and
chaotic motion. No conclustons concerning the
nature or mechamsm of the disturbance can
be drawn from this bewildering spectacle. Be-
cause of the rapidity and compleuty of the
auricular activity, camera speeds up to 3000
frames per second and mtense light are neces-
sary to obtain films suitable for detailed study.
Even in cmematographs recorded under these
conditions, auricular fibrillation appears to con-
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sist of a disorganized muscular activity without
apparent thyme or reason, involving ﬂ}] con-
tractlle portions of the guricles and differing
from any other cardiac state, normal or a!)nor-
mal, we have previously encountered. Tlus' ac-
tivity has been likened to a pot of boiling
water, a storm at sea or choppy waves by va-
nous persons who have viewed the films
The cinematographic appearance of auricu-
lar fibrillation differs from that of other auric-
ular rhythms in several respects. In normal
sinus thythm as well as in auricular premature
systole and auricular tachycardia and flutter,
an easly understandable sequence of events 1s
apparent, each contraction wave starts at a
designated focus and spreads m all available
directions until 1t 1s spent, followed by a re-
laxation wave arising at the same focus and
pursuing the same cowrse. No such orderly se-
quence of events can be detected mn auricular
fibnllation. In each of the slower rate rhythms,
every contraction and relaxation wave starts at
the same focus —the wave of normal smus
thythm at the sino-atnal node, those of auric-
ular premature systole and auncular tachycar-
dia and futter each at a single ectopic focus —
and follows the same course over the auricles
In auncular fbriflation, all movements ap-
pear to be independent of the pomnt of ongin
of the arthythmia, even when the disturbance
15 mmtated by stmulation at a single site,
neither the site of the ectopic focus nor the
course of the waves can be determined from
the muscular activity The silhouette and sur-
face configuration of all contractile portions of
the fibrillating aunicles are constantly changing.
In normal sinus thythm, auncular premature
systole and most nstances of auricular parox-
ysmal tachycardia, an organized systole of all
contractile portions of the auricles 1s observed
Rapid-rate tachycardia and flutter, n which the
vigor of the waves varies, may exuhit incom-
plete systole In auricular fibnllation, althongh
distinet systolic and dsastolie changes generally
occur, at no time do all contractile portions of
the auricles undergo unified systole or diastole

231
 AURICLES =
\When examined on the high-speed cinemato-
graphs (Figure 231), the activity of the ﬁ.bri\»
lating auricle appears to consist of relatively
rthythmic contraction and relaxation waves of
variable size traveling in a variable manner
over a sea of heterorhythmically contracting,
minute muscle scgments throughout the con-
tractile auricular musculature. To facilitate de-
scription, the motion of the fbrillating auricle
has been divided into (1) microscopic or mi-
nute activity called “M” activity; and (2} mac-
roscopic or larger activity called “L” activity.
OsservaTION 1@ “M™ AcTiviry
“N” activity consists of rapid, heterorhythmic
contractions and dilatations of minute muscle
segments of vanable size and shape. Although
the indwvidual muscle fibers must undergo pe-
nods of systole and diastole, the activity of
these minute segments is so rapid and so
asynchsonous that at no time is a static visual
wmage of the auricle obtained. This scething,
tremulous activity is not visible to the naked
eye; frequently it gives to the films the appear-
ance of mynads of shimmerng, reflected lights.
Unfortanately, the effect of “constant motion”
15 Jargely lost in the still photographs repro-
duced here. Although present throughout the
contractile portions of the auricles, “M” activity
is most clearly seen along the margins of the
auricular appendices, especially at the borders
of the left appendix which are often serrated
:’\'\th bl\mt,“thi’r'\, finger-ike projections (Figure
232) The “M" contractians {n these warginal
areas eause blanching of the ussues; when gom-
pared with the dark blue color of
areas in dilatation,
areas of t

contiguous
the presence of the minute
is strkingly d

I‘n (:rder te more closely examine the nature
of “M” actvity, an area of fhe fibrillating auricle
approumately 1 centimeter square was placed
under powerful Il jon and phatographed
with special magnifying lens (Fig:n'e 233) " The
tntense heat from the strong lights quick]): pro-
duced secondary arthythmias, rendering the

1
rated.
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Figure 232,
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“thastole” produced by an L waye, (D)
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auricles unsmtable for study for more than a
few seconds; however, as noted m the Appen-
dux, such brief exposure times are adequate for
recording high speed cinematographs. When
this series of pictures was projected to full
screen size, a magnification of several thonsand
times could be obtammed. Contracting muscle
segments varymng in size from an estimated
muumum of 0.2 to 08 millimeters in diameter
could be 1dentified and their contraction rates
fanly accurately timed with a stopwatch. These
minute segments were of variable shape and
appeared to contract in a completely hetero-
thythmic manner. At intervals the entire au-
ricular area shown on the screen contracted
simultaneous with and apparently independent
of the contractions of the minute segments; this
phenomenon was attnbuted to “L” activity. The
rate of contraction of the vanous segments dif-
fered greatly, but the majonty, regardless of
size, contracted at a rate between 800 and
1500 per minute This experiment was per-
formed 10 times. Fibrllary movements were
best seen in the appendices.
OsservaioN 2 “L” Acmiviry

When the fibrillatng auricle is viewed on the
gh-speed cinematographs, contraction and re-
laxation (“L”} waves appear simultaneously
with and supenimposed on the sea of “\” ac-
tvity. Although most prominent over the right
auricular body, “L” actwity is visible in aj} por-
tions of the auricular musculature except m the
noncontractile body of the left auricle The “1”
contractions are relatively thythmic, accurring
at o rate of approximately 400 to 600 per min-
ute even when the auricles are stimulated by
electrical shocks at a much more rapid rate,
The vigor of “L” waves {s extremely vamble:
unlike “M"” contractions, they cover 5 measur:
able distance Both the point of origin and the
cowrse of the “L” waves vary during a giy,
bout of fibullation. The contractions g, ega t:n
anse from innumerable foci even WI;XEn rﬂo
arthythma s produced gt 2 single ect he
{oc:\s in the right auricle the wajorty nf(’?}::
L waves travel from right to left (from the

caudal toward the cephalic end) even when
the stimulus has been applied in the head of
the sinus node. Some of the waves, however,
proceed in the opposite direction, and occasion-
ally they change from one direction to another
during a given bout of fibrillation. This is in
contra-distinction to our observations on auric-
ular tachy cardia and premature systole, in each
of which the contraction waves start at a single
ectopic focus and travel away from the focus
in all available directions. Not énly do “L”
waves vary in force and ditection but they
range from small waves to large ones which
appear to fnvolve almost the whole auricle, This
vanation can be seen by the unaided eye. The
distinction between small “L” sy aves and “M"
activity appears to be slight and indeed it may
be that the larger waves are fusion phenomena
of the minute activity. However, this arbitrary
division does in a measure correspond to va-
rious electrical variations in auricular fibrilla.
tion which are described in the following chap-
ter.

S{ncc the “A1” activity is not visible to the
\{nﬂdeed eye, the gross appearance of Hhrilla.
hfm is produced by “L” activity. The chaotie
picture is probably a result of the rapid, irregu-
lar rate«cqmbined with the highly irregular force
of the “L” waves. However, as noted in Chap-
ters IIT and V, the auricles §
cardias alsg may present

these arrhythmias
out the aid of slow
trocardiograms, s

by gross visualization, with,.
motion picture films oy elec-
generally impossible,

Orservatiox 8; g "
N St SYSTOLE” Axp D "
OF e Freanratme Avmcx.laA oL

As the “M~ eontractions ¢

:2;1 fe}?ble and' too disorganized 1o propel blood
m“oc \c}tlaavenlru:}]]es, whatever systolic and djas.
nges the fibrillatin cl ,
are largely function L ko
of the “1 waves,
::fix; thef Presence of “\» activity mod;ﬁe}sx (Z;:;
{oumnw. : the Superimposed “p,» waves in the
g manner: Dyg ¢ the :\S)mchronicity

f fibrllation are
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Tigure 234, Sull photographs from motion p:cturcs of au-

(A) The numerous minute {7) contrachions are most
%

m the

ncular fibnllation of the nght aurncle n the dog. P!
on Teft and night dc\nlopcd from same cinema frames by
I for contrast

of the “M” contractions and dilatations, at any
given instant some areas of the auricular mus-
culature are contracted and some are dilated.
The constant presence of small relaxed areas
interferes with complete auricular systole. Thus,
as a direct result of the presence of “M” ac-
tivity, the magnitude of motion of the fibrllat-
ing auricles is diminished and both systole and
diastole are less complete in fibrillation than in
the other auncular arrhythmias. The size of the
auricles in fibrillation is generally between the
maximal systolic and diastolic sizes of the same
auricles during normal sinus rhythm (Figures
232 and 234). The average size of the fibril-
lating auricles appears to approximate more

(B) Note the large (L) contractions starting at the
tip of the appendin M contractions are also present

closely that of the normal organ in diastole
than in systole.
Despxte the mterference of the “M” activity,
“L” contractions are often of sufficient strength
to effect considerable systolic changes in the
auricles. On occasion we have observed sub-
stantial, well defined “inflow” tracts in the right
ventricle produced by the volume of blood ex-
pelled from the nght auncle.

OBSERvATION 4. THE ONSET AND TERMINATION
OF FIBRILLATION

The transition from flutter to fibrillation, pro-

duced by means of aconitme or electrical stimu-

Jation, was frequently recorded mn the cinema-
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The outstanding ch were the
apcpearance of “M” activity throughout the au-
ricles and an increase in average auricular size.

In several instances we were able to photo-
graph the termination of auricular fibrillation
m dogs. The sequence of events was as follows:
The “M” actwity disappeared suddenly and the
“L” waves exhibited a short period of mactivity
during which the degree of auricular dilatation,
or the diastolic size of the auncle, increased;
these changes were followed by the onset of
the sinus thythm or tachy cardia, Apparently the
disappearance of the “M” activity heralded
the termination of the fbrillation

Since “M” activity is present throughout the
contractile portions of the fibrillating auricles,
including the region of the sino-auricular node,
the “M” contractions render the auricles re-
fractory to impulses initiating from the sinus
node. Thus, to restore normal sinus rhythm in
the fibrillabng auricle, measures should be
taken which abolish “N[” activity (see Chapter
XIII).

OsservaTION 5, Crvestatocraprne APPEARANCE
oF CLiNiear, Avmicurar Frerration

When viewed with the naked eye, auricular
fibrillation 1n the human subject presents
chaotic spectacle similar to that observed in
the dog. Few surgical procedures in the chest
provide an opportunity to photograph the de.
tails of this actmty; however, we were able to
record cinematographs of the left auricle ma
Patient with auricular fibrillation during an au-
ricular appendectomy, The subject was 3 8.

year old white female exhibiting mitra] stenosis
from old theumatic

auricle wag
eflected away
al sides; cine.
mes per second wera then

pericardium

and left later,
matographs at 200 fr,

taken before section of the auricular appendix.
To the unaided eye the auricle appeared as a
ghstening, bluish, dilated sac, fimbriated along
the anterior margin of the appendix, Except
for movement due to irregular ventricular sys-
toles, no muscular activity could be scen.
Gentle palpation of the auricular appendix con-
firmed the diagnosis of auricular thrombosis.
The motion pictures confirmed the observa-
tion that no large contraction waves were
present in the auricles (Figure 235). However,
despite the thrombus and increased intra~
auricular pressure, minute muscular activity
could be seen clearly. This “M” activity con-
sisted of irregular, chaotic contractions of mi-
nute muscle segments throughout all parts of
the auncular appendis, particularly along the
fimbriated edge. Due to the rapidity and asyn-
chronieity of the contractions, the auricle ex-
hibited a constantly changing silhouette. In
all respects the shimmering activity was similar
to but not so marked as that observed in the
fibrillating auricle of the dog. (No evidence of
a circus movement was found.} Increased au-
ricular pressure markedly reduces the visible
auricular activity 1n fibrillation; this factor un.
doubtedly accounts for much of the decrease in
muscular activity seen in this patient as com-
pared with the dog.
) These observations indicate that the mechan-
i]slxl‘ﬂm:i S:wgtaneous auncu.lar _ﬁbn’llmion in the
ubject probably is similar to that in

the experimental anjmal, In neither man nor

dog has evidence of the existence of g circus
movement been found,

CLINICAL CORRELATION A
DISCUSSION ND
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Figure 235 Left aurcular appendix in a patient with mitral  tiple emboli. The changing sithouette 1s similar to that seen
stenosis, auncular fibnllation and congestive failure photo- n the dog except that the appendix 1s distended and full
graphed just before the appendix was amputated for mul- of clot. No circus movement s apparent.
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of mural thrombosis or of embolic accidents as
was originally thought. In the absence of au-
ricular dilatation or failure, the strength of the
“L" contractions is generally sufficient to pre-
vent significant stagnation of blood in the
auricles, When auricular dilatation occurs as
a result of valvular discase or failure from any
cause, stagnation occurs and an increased ten-
dency to mural thrombosis develops whether
or not the auricles are fibrillating. As noted in
Chapter I, even in the presence of normal sinus
rthythm, marked dilatation and stagnation of
blood in the auricle occurs during auricular
failure. While it is not denied that Bbrillation
may increase the tendency to mural thrombosis,
we have observed many instances of clinical
auricular fibrillation without auricular dilata-
tion or failure in which mural thrombosis or
embolic manifestations did not occur. Con-
versely, many examples of mural thrombosis
with embolic manifestations have been seen to
occur in the absence of fibrillation; in these pa-
tients the auricles were usually dilated or 1n
failure.

Because of the small muscnlar areas involved,
the individual “M” contractions are weak. When
the interauricular pressure rises, as in failure,
the “M” contractions disappear. This sequence
of failure with dilatation and disappearance of
“M” activity was visualized in the nght auricle
on cmematographs showing both auricular ap-
pendices simultaneously during auricular fibril-
lation. Throughout the period of failure no “M”
activity was seen over the right chamber al-
though it was clearly demonstrated over the
relatively well-functioning left appendix. In
the absence of “M” activity, the fibrillating right
auricle frequently was cinematographically in-
distinguishable from the auricle in flutter. This
explains the abservation that occasionally fibil-
lation appears to occur in only one auricle. An
auricle in failure would not appear to be fibril-
lating; as a result, an erroneous diagnosis of
fibrillation in only the other auricle which is
not in failure might be made.

As discussed in Chapter XIII, the “L” waves
probably correspond to the large electrical de-

fiections called “F” waves which, together with
other electrical phenomena to be described,
characterize the electracardiographic pattern
of fibrillation. In auricular fibrillation, however,
to an even greater extent than in tachycardia,
many auricular deflections oceur in the electro-
cardiogram which are not accompanied by me-
chanical contractions on the cinematographs.
In some oscillographic records we have counted
nearly twice as many “f" waves as there were
visible “L” waves on the films (see Chapter
XI11).

A question which frequently arose during our
cinematographic study of auricular fbrillation
is, “How would a circus movement look in the
slow motion picture?” With the realization that
any description of such a hypothetical situation
must at best be crude, the following answer to
this query is offered.

The circus movement as outlined by Lewis
consists of two type of waves, a self-perpetuat-
ing main or mother wave following in general
a circular or oval {elliptical) pathway gives rise
to centrifugal or daughter waves which spread
throughout the auricular musculature in an ex-
tremely variable manner. Theoretically, the
main wave pursues a sinuous course through
the fibrillating auricle, traveling at a constant
rate from the inferior vena cava, up the right
auricle to the superior vena cava, around which
it turns, then, still following a sinuous course.
it travels down the left auricle until it again
reaches the inferior vena cava and returns to
the right auricle. The tissue lying immediately
ahead of the main wave must always be in a
state of full diastole, ready to receive the on-
coming wave.

If waves such as those described above were
present in auricular fibrillation, certan charac-
teristics would serve to identify them in high
speed cinematographs of the fibrillating aw-
ricles. The main wave could be traced with rea-
sonable certainty as the muscle tissue lying in
its immediate pathway would be 1 complete
diastole and thus the motionless muscle would
present a sharp contrast to the continuous,
chaotic motion of the remainder of the fibrillat-
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ing auticles When viewed on the slow-m(‘m:g
pictures, the period of diastole not only woul
be noticeable but would be measurable. Once
the main wave {s identified, it could be followed
along its sinuous course up the right auricle,
around the superior vena cava and down the
left auricle, The daughter waves arising from
the mather wave would appear as contractions
of irregular size and force spreading over the
main muscle mass of the auricles.

The picture presented by these mechanical
events is roughly analogous to a motor-boat
speeding over a lake ‘The boat (the main wave)
afways travels over the Inke (auricles) at a
constant speed. Tts course 15 smuous, but in
general 1t follows a circular path The bow of
the boat only enters smooth water (musele m
diastole). As the boat speeds along ts tortuous
course, nnumerable waves (daughter waves)
of variable size and speed spread from 1ts wake
to alt parts of the lake in an irregular manner,
After completing one circuit the boat immedi-
ately begms another circuit, the water calms
at 1ts approach (iso-electne gap) to permit its
passage The boat continues to travel in a gen-
enal cireular path indefinitely but the tortuosity
of 1ts course varies greatly.

Careful and repeated study of slow

graphs of exper,
rieular fbrillation m o
reveal activity eve

mation
y produced au-
ver 90 dogs has failed o
en remotely resembling the
hypothetical events described above, Op the
contrary, our obsen atons are meompatible
with the existence of cens m
following reasons
{1} When both
neously, they
three manners;

tall

auricles are viewed smmulta.
AC seen 1o contract jn one of
(2) simultanepusly, (b) erther

(2) Many of the large (“L") waves scen on
the cinematographs are broad, often involving
the entire width of the auricle from the auriculo-
ventricular groove to the intercaval region.
They do not turn to embrace the venae cavae
as would oceur if they pursued a circus path-
way. No centrifugal daughter waves are scen
to spread from the main wave. {The presence
of such daughter waves was behieved to acconnt
for the imregular ventricular sesponse charac-
teristic of auricular fibrillation. An alternative
explanation for this irregular response will be
offered in Chapter X1V,

(3) An essenhal assumption of the circus
movement theory is the constant presence of
an excitable gap on the circus pathway; this
83p must he in full diastole ready to accept and
transmit the ancoming main wave, Such a con-
cept is incompatible with the observation that
minute (“M") contractions and dilatations are
continually present throughaut the contractile
portions of the Abrifiating auricles,

{4} The fact that ng CIrCUs movement can he
seen on high speed cinematographs of either
or both auricles does nat preclude
of minute circus movements occur:
of the auricles too small to he
without further magnification, Thy
stich minute circus movements

the existence
Ting in arcas
demonstrated
¢ presence of
would be visi-

bed ecarler in
all other cinemato-
dy, no cireus move-

this chapter, In these as in
graphs examuned jn this stu
ment was seen,

SUMMARY AND CONCLUSION

.E‘Periment:x)ly produced aurieylar fibrill
tion in over 9 dogs has been visualized in hj
spe?d cinemamgmphs of each auricle of Ty
auricles simu)taneous]y, and of ;
auncle approximately 1 e square photo-
E{]ﬂphe(.] un.der high maguification, Auricular
fbnllation is 5 chaotic disturbance character.
ized by complex, continuous, rapig mntm;x dif-
i::::t %om that ohserved in any other cardiac
e activity jn jhe Bbrillati i
ranges from asynchronoys contmc?i‘(l):% a::lnfllﬁ

a-
igh
oth
an area of the
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Iatations of minute (microscopic) muscle seg-
ments to broad contraction and relaxation
waves involving large areas of the contractile
portion of the auricles. At a given instant both
extreme as well as all intermediate types of
contractions may occur simultaneously with and
superimposed on one another,

For purposes of elucidation, the motion of the
fibrillating auricles has been divided into (1)
microscopic or “M” activity; and (2) macro-
seopic or “L” activity.

(1) High speed cinematographs recorded
under high magnification demonstrate the exist-
ence of rapidly contracting muscle segments
throughout the contractile portions of the au-
ricles. Due to the heterorhythme nature of
this microscopic activity, some areas of the au-
ricles are in contraction while others are in
dilatation. “M” activity 15 diagnostic of auricu-
Iar fibrillation; no contractions of similar ap-
pearance have been observed in any other
auricular arrhythmia.

(2) “L” activity consists of contraction and
relaxation waves of variable vigor which occur
throughout the contractile auricular muscula-
ture simultanecous with and superimposed on
the “M”™ contractions and dilatations. “L” ac-

tivity is responsible for the gross appearance of
auricular fibrillation. The “L” waves differ from
the excitation waves of the other rhythms in
that they arise from diverse foci regardless of
the site of production of the arhythmia and
change their course during a given bout of
fibrillation.

The vigor of the “L” waves may be sufficient
to produce well-defined systolic and diastolic
changes in the auricles. The simultaneous pres-
ence of minute contractions and dilatations
(“M” activity) throughout the contractile mus-
culature, however, prevents complete systole
and diastole. The size of the fibrillating auricles
is between the maximal systolic and diastolic
sizes of the normal organ, nearer the normal
diastolic size. .

Cinematographs of the fibrillating left au-
ricle of a patient with mitral stenosis were re-
corded during auricular appendectomy. These
films reveal minute, chaotic, heterorhythmic
muscular contractions similar to the “M” activ-
ity scen in the dog.

No iso-electric gap, no centrifugal or daugh-
ter waves, and no circus movement exist in the
fibrillating auricle.



CHAPTER XU

The Electrical Activity of the Fibnltating Auricles

Previous investigations of the electrical ?ctiv‘\\)‘
of the Shrillating auncles have been Yimited \'.)y
the relative insensitivity of the electrocardio-
graphs available. As Lewis acknowledged, the
complex nature of fbrillation could not be fully
fucidated with the equip used in his
studies 30 years ago. Despite these Limitations,
the circus movement theory of auricular fibnilla-
tion achieved general acceptance and compara-
tively little new evidence concermng the mech-
amsm of this disturbance has been advanced
since the theory was introduced 30 years ago.
The cinematographically recorded experi-
ments described in the previous chapter demon-
strate that fbrdlation m the dog consists of
multiple, chaotic, rapid and asynchronous con-
tractions of varying size and force accurring
simultanecusly throughout the contrachle por-
tions of the auricles, These cmematographic
observations require a complete re-evaluation
of the electrical actity of the fibrillating auri-
cles w both man and animals, Part T of the
present chapter concerns the electuical counter-
parts of the mechamcal events of &hrdlation in

the dog, Part 11 considers the arrhythmea as ¢t
OCCurs n Inan

Part |

AURICULAR FIBRILLATION IN DOGS
EQUIPMENT AND METHODS

A prelimmary senes of experuments was ve-
corded by the direct-witing  electracardio~
graph  Expenments were performied in over
50 dogs  In 1S, auncular §
duced by faradie stimulatio
ing the post

brillation was pro-

n and stedied dwr-
-stimulatory phase, in the remaining

1243}

35, the arthythmia was produced by local.np-
Phration of aconitine to the wall of the anricle.
Records were made from the standard limb
jeads and from pon-polarizable clectrodes
placed directly on the auricles. In each in-
stance the sesults duplicated the trasings of
Lewss and other workers. In the imb leads, the
base line was irregular and showed only the
familiar “f” waves of fibrillation {Figure 236A).
In direct avricular leads, large deflections with
frequencies as high as 1500 to 2000 impulses per
minute were inscribed (Figure 236B). These
rates approximated the maximum which the
equipment was capable of recording accurately.
Even at the maximum paper speed of 50 milli-
meters per second the deflections were crowded
into such a narrow space that adequate analy-
sis of the tracings was impossible. Recards
obtained with the photographic recording
Sanborn Twin-Beam El diograph {Ap-
pendix} (Figures 237 and 238) veveafed con-
siderably greater detail than did the direct
writing machines. Nevertheless, the hmitations

of both these instraments were such that they
were incapable of 1

; y recording the elec-
trical events in the fibrillating auricles. They

were therefore abandoned m favor of more
sensitive apparatus,

) The cathode-ray oscillograph
instrument with a wide frequen
the chief tool used in oyr el
of auricolar fbriflation,
studies with vanous
oscillographic cquip:

, an inertia-free
cy response, was
ectrographic studies
Following prefiminary
types of relatively crude
ment, the Du Mont &

dual-beam cathode-ray oseitlograph amtl t}71‘2
y:mous types of recording equipment deseribed
in the Appendix were utilized, Initially, o
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Figure 236, Electrocardiograms of auncular fibnllation recorded on standard direct wnting

instrument (enlarged two times),
(A - "o e
(B)

and mech

e etnto,

es the limited frequency response
the equipment 15 madcquate and

dloes Bot 1ecute dtt ot L et seavay Of the disturbance,

power-line operated four-stage clectronic pre-
amplifier was used with this instrument; Jater,
two Dbattery-operated Grass P 4 pre-amplifiers
were substituted. Records were made from
standard and unipolar limb leads and from uni-
polar direct auricular leads. Soft-tipped non-
polarizable copper-copper sulfate electrodes
(Appendix), held manually, were generally em-
ployed.

Auticular fibrillation was produced by acom-
tine application in each of 35 animals As de-
scribed m the Appendix, low concentrations
(0.05 to 0.5 per cent) of the alkaloid were used
initially, necessitating repeated apphcation dur-
ing which accidental contamination of the
ventricle frequently occurred with resultant
ventricular fibrillation. Later n the study a
50 per cent solution of aconitine was found
more suitable. This solution could be applied
to a sestricted focus not more than 2 or 3 milli-
meters in diametes; auricular fibrillation usually

appeared within 30 seconds and was of rela-
tively Iong duration.

THE OSCILLOGRAM OF AURICULAR
FIBRILLATION IN THE DOG

Tracings obtained with each of the oscillo-
graphs, pre-amplifiers, and methods of record-
ing described above appeared identical

Each type of complex recorded from the right
auncle was present in tracings from either the
body or the appendix of the left auricle.

Ouservatiox 1: SINGLE UNIPOLAR DiRECT
AURICULAR LEADS
Oscillograms of aurrcular fibnifation obtamed
from single umpolar direct aurscular leads con-
sistently showed irregular, Inzarre, chaotic com-
pleves of astomshungly high Irequency. The
rapidly moving fluorescent dot seen on the os-
cillograph tube front appeared to the naked eye
as “chain hghtning.” No isoelectric period (au-
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niewlar chastole) was mserbed (Figure 239)
The deflections included a wide range of sizes
and frequencies  For desenptive purposes, the
osvoflogrape deflections of avricular fbrillar
tion have been diaded mta (1) minute; and
{2} large complexes

Minute Complexes: These deflections are of
extremely small potental, estimated to range
between 50 to 500 microvolts, They are seen
mast clearly at those periads when the large
waves formed “plateans”; here the small waves
are visible as sharp spikes or gentle waves along
the crest of the plateau {Figures 240 and 241),
The munute complexes also appear as slurring
of the up or down stroke of the large deflec-
tioms, Because they are “buried” in Jarge wayes
or are present on the platesus, their frequency
could not be calculated exactly. Whenever they

R
PER SECOND

245

ING AURICLES

PER EGOND

\ !

Aebraitd

1
culsr leads recorded by Sanbomn Twin-

« mote rapid Tate there 15 such crovd-

oceur in bursts and can be counted, the fre-
quency varies approximately from 7,000 to
40,000 impubses per minute. The rate is not
constant or cyche, but is irvegular and hizarre,
The confignration of the minute deflections
changes constantly, the majority appear as
spikes and the remainder as small, rounde
waves The electrical events responsible for
these minute deflections are too weak and too
rapid to he recorded by standard electrocardio-
graphic equipment.

Large Complexes: These deflections of con-
stantly changing configuration, now spiked and
peaked, again broad and shurred, oceur at ir-
regular rates of 500 to 1,000 per minute {Frp-
ures 242 and 243). Their potential is estimated
at roughly 3 to 10 millivolts, often equal to
that of 2 normal P wave, The Jarge complexes
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Figure 239, Direct auncular lead cathode-ray oscillograms 000 szcons 001 o002 as3 004
from a dog.
(Upper) Regular sinus thythm. Note the smooth base- TIME
pne: far fbnllation,  Figurc 240 Direct far lead cathod I
(Lower) After the production of auncefar fbniliion,  WEllE fuc bnllabon 1n o dog The busst of mumte sctiv

the electrical actiaty has changed completely. of auncul omes 003 and 001 are at a rate of approv

- ity between
E;/c}nn ‘;n:cr(l:o::i upper portion of each oscillogram repre: ity bef e 000 spalscs per e
sents 2 3
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is estimated at 0.5 to 3 millivolts. These dcélccl;
tions are just within the range ?f the stan :n'1
elect diograph; they y y c?rrcsp)on.(
to the “grass-like” base line and the jrregnlari-
ties of the “f” waves seen in .lim!) lead electro-
cardiograms of auricular fibrillation.

Osservatiox 21 Two Sinrweravtous Uniroran
Dmecr Aumcurar LEADs rrove
THE Ricnr AunicLe

In order to further explore the nature of the
electrical activity in the fibrillating auricles, in

*

‘
o \/W \/\/\‘ '
Figure 241, Direct auncslar Jead cathode~my oscillograms

from 4 d

varous types (amows) have  Figure 242, ray oseitlograms
minate, (D) Mot ne  frare 24 dogs* wath auncalar Bbnliagion
relative potential of this gty

ese Nigures
23 contrasted to a ventrc.  Wlustrate types of large (L) actvity, The waves often ap-
¢ comples pear regular 1 frequency, bup close fxammation shows
Redaced 4 ol excllograghie tubefrom s i Sne actually smegular ‘Thelr confgmam " always
erent.
. Reduced 13 tube-front size
were recorded from all areas of both auricles,

They undoubtediy correspond to the Famyliar
“F” waves of the electmcardiogram.

An intermediate type of compley frequently
Is seen in Jeads taken from the 2ppendices

but appear smaljer in potential, exhybit greater
uniformity i, configuration, and occur with,
somewhat greater regulatity and higher fre.
quency {Figure 244), The frequency of the
intermed)ate complexes varjes fi

mated 1,200 to 3,000 per m;

Figure 233 Direct auriﬂxl; ! o
om 8 estis - durmg et gt el g T
inute, theiy Potential mmﬁ" % el

'y oscillogram
This "demonstrates

20g confignration of
edueed % tube.frong size. U 19780 (L) waves
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ca.ch lead. In a few pairs of simultancously
recorded Jeads, usually from the appendix, the

V s -
h"" /\/\/\‘f\ f/"/\/\/\f\/\/v\.\ ™~ w _large complexes exhibited some degree of un;-
\ | formity; however, these complexes were never
a .

A- ONE ELECTRODE ON RIGHT AURICULAR APPENDIX

Q
B-Two ELECTRODES ON RIGHT AURICULAR APPENOIX
Figure 244, Direct lar lead cathode-ray 1l
duning auricular fibnilation in the dog.

(A) Intermediate type of achivity recorded from a
single electrode. .

{B) Two electrodes % inch apart on nght auncular
appendix  There 15 almost complete dissimilanty of the
activity recorded from the two electrodes,

Reduced 23 tube-front size.

each of 35 experiments two unipolar direct au-
ricular leads were recorded simultaneously on
the dual-beam cathode-ray oscillograph. The
following combinations of positions of the elec-
trodes were used: (1) One clectrode was placed
at the aconitine focus, the other at one of vari-
ous distal points throughout the body and ap-
pendix of the right auricles (Figure 245). (2)
Two electrodes were placed at varying dis-
tances apart at numerous sclected sites over the
right auricular body and appendix (Figure
246). (3) One electrode was maintained in a
fixed position at a given site; the other was
moved in a circle around the fixed electrode at
a radius of 0.5 to 1.0 centimeters (Figure 247).

Mimnute and large complexes were present
throughout cach record from any onc of the
leads described above. A companson of the
tracings recorded simultancously from any of
the three combinations of electrode positions
revealed a general lack of synchronicity be-
tween records; when synchronism was present,
it was usually of brief duration Characteristic-
ally, the deflection i one Tead first preceded,
then followed that m the other simultaneous
Jead. At no time was a consistent pattern or
sequence apparent. The frequencies and poten-
tials of each type of deflection were different in

identical. This lack of correlation was observed
with each of the three combinations of electrode
positions ublized (Figures 245, 246 and 247).

OsservaTioN 8: Tue ONSET AND TERMINATION
OF AURICULAR FiBRiLLATION

During numerous experiments, transitions oc-
curred between tachycardia and fibrillation.
The change recorded by the oscillograph in
these instances was a dramatic one. The smooth
baseline and regularly repeated complexes of
auricular flutter were replaced by the “chain
lightning” appearance of fibrillation (Figure
248). The transition from fibrillation to a slower
rhythm was equally abrupt. This transition was
observed spontaneously, following freezing of
the focus, or following the use of antifibrillary
drugs {Chapter XVI).

QpsenvaTiON 4: SEMI-DIRECT AURICULAR
Leap OSCILLOGRAMS

In five experiments, records were made from
electrodes placed on extracardiac mediastinal
structures (esophagus, superior and inferior

A B

de-ray oscilograms
Jhigh magmification of
clectrical actwty, one clectrode (top tracing) on aconttine
focus, the other at varous points on the aunde

Reduced 3% tube-front size

Figure 245 Direct ausicular lead catho
of auncular fballation i a dog
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Fugure 245 Direct auncular lead cathodertay oscillarame foome 512 - icle 1 a dog.
(-t
{2) .
(3)
Note
Redu

venae cavae, pulmonary artery and veins and  the pattern resembled that ordinarily abtained
tungs). Tn each mstance there was a consistent  from indirect limb or chest leads.

change from the clectrical pattem obtained
from direct leads; this change was consistent
with that espected accordmg to the inverse-
square Jaw. When the electrodes were placed
at distances as small as 0 5 centimeters from the

DISCUSSION

The non-polarizable copper-ronmer sulfate

alper Y

7 approvi-

As dem-

auricle, the mmute waves virtnally disappeared wwww 1 e Magnified motion pictures of
from the tracings The potential of the larger

the fibnllating aunicle (Chapter XI1Y, the elec-
wires became smaller and their configuration trode tip was in direct contact with numerous
less jogged. As the distance between the elec-  muscle fibers undergoing chaotic contractions.
trode and the auncle increased, the potential Any electrical events associated with the motion
progressively decreased until, m osaillograms  of these muscle bundles would be recorded by
vecorded several centimeters from the auricle, the electrode. In addition, those impulses from
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it from a dog with auncular fibnlla-

Frgure 247, Direct lar lead cathod

Y
tion, In these four expenments electrode A was kept at a fived point. Electrode B was moved
around efectrode A as shown in the diagram to the left There 1s complete dissimilanty of
electnical activity recorded. Reduced % tube-front size

distant, noncontiguous portions of the auricle
which were productive of sufficient potential to
be transmitted to the electrode also would be
recorded, Thus, the deflections in the oscillo-
grams must represent electrical activity in
muscle fibers directly beneath the electrode and
a summation of all impulses from other portions
of the auricle powerful enough to reach the area
heneath the electrode.

Dissociation between mechanical and electri-
cal events in the auricle has been observed fre-
quently during our studies of the arrhythmias.

This phenomenon is exemplified as the rate of
discharge from an ectopic focus increases dur-
ing tachycardia In such instances the fre-
quency and potential of the electrocardio-
graphic deflections are unchanged but many
mechanical contractions become progressively
weaker until eventually some of them drop out
completely. Consequently, fewer waves are
seen on the cinematographs than can be ac-
counted for by the number of deflections in-
seribed on the electrocardiogram. The principle
of dissociation between mechanical and electri-
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AURICULAR FLUTTER _° st AURIC_ FIBRILLATION
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lar lead cathode-ray
B o from e 10 Sl I
arked X The actvities of each rhythm are completely
different

Reduced % tube-front size.

cal events apparently apphes also to auricu]’:lr
fbnllaton  Despite the rapidity of motion in
the fbnilating auricle, the number of mechani-
cal contractions occurring in a small area of the
auricle photographed under high magnification
is but a small fraction of the number of electri-
cal {mpulses recarded from the same area dur-
ing the same period. Both cinematographic-
ally and electrically, the waves of fibrillation are
much more rapid and more complex than those
of any other arrhythmia This discrepancy be-
tween the rates of mechanical and”electrical
actwty is greatest when the auricle is distended
or the heart 15 in falure, here only the
“stronger” (“L”) waves are seen on the cine-

hs while the electrocardiographic pat-
tern exhubits both the minute and the large
complexes of fibrillation,

The orders of electrical activity — large, inter-
mediate, and minute ~ for the most part appear
to correspond to the large (“L”), intermediate
and small ("M”) actwity distinguished irl high
speed cinematographs of the Fbrillating auri-
cle 1n the dog

Large Complexes: The large {“L") waves of
Sbnllation seen on the phs consti-
tute the only motton of the auricles of sufficient
magnitude to correspond to the electrical ac-
tivity reflected in the large waves of the ascillo-
grams. Both occur at approtimately the same
rate The large waves on the oseillograms vary
m amphtude and configuration during a given
bout of fbrillation  As noted 1n Chapter XII,
the large contraction waves of auricular fibrlla-
ton differ from the waves of any other dis-
turbance n that not only may they change di-
Tection during their course over the auricle, byt
apparently they origmate at diverse area;, 1t

251

thus appears reasonable to assume a corrclation
between the alteration in potential and con'ﬁg-
uration of ‘the large deflections on the oscillo-
graws and the change in direction of propngﬂ-
tion and focus of initiation of the contraction
waves' as observed cinem:x(ogmpl\ic:\“)\

Minute Complexes: As noted in Chapter X1,
one of the unique cinematographic character-
istics of auricular fibrillation is the presence of
pumerous minute contractions and relaxations
{“M” activity) throughout the contractile por-
tions of the auricles. The minute deflections
. seen on the oscillograms are present only in
fbrillation, thereby distinguishing it clectro-
. graphically from all other auricular rhythms.
The implication that the minute deflections are
*an electrical counterpart of the minute con-
tractions is further strengthened by the high
frequency and low amphtude of each. Only
these minute deflections are of sufficiently rapid
rate and small size to account for the minute
contractions on the cinematographs. The min-
“ute clectrical waves are of such low amphtude
that they are not recorded m tracings from elec-
trodes even a short distance from the auricle.
Therefore, the majority must arise in the area
beneath the electrade. The principle of disso-
ciation between mechanical and electrical ac-
tivity is well d rated in “N” 1|
and electrical activity of auricular fibullation.
Certamn fundamental differences distinguish
the electrical activity of auricular Hbrillation
from that occurring in normal sinus rhythm, au-
ricular premature systoles, parosysmal tachy-
cardia and auricular flutter. In each of the
slower-rate thythms, a P or P’ wave is present.
Except for the occurrence of P or P, QRS, T
:::(alig\l;'t V;;i::;,e r::,- bafeline is smooth apd
3 e, simultaneous leads from

any combination of electrode posttions always
show definite synchronism and relationshi of
Beneion o e o rencos i th con-
the time of onset l\fﬂ?}fu o flﬂ?cchons :'md/or
the traen of the m(nr{s:c deflections in
gs are correlated with differences in

location of the recording electro W €.
di)
. g electrades with spect
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_A_L!_RIC_ULAR_ FIBRILLAT|ON~ SIMULTANEOUS ESOPHAGEAL LEADS
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MID AURIGULAR

[
LOW AURICULAR , .
© (HIGH VENTRIGULAR 2) 7 '
- e — i
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| 2 3 4
TIME N SECONDS
Figure 248, Three simaltaneous csaphagead leads from  far deflections can be scen
dffe lar levels ded at mavimum htud 1t is ble to d the d af the ex-

and at double speed. The tracings show typical pattem of
auricular fibrillation. No synchronicity between the auncu-

‘In contrast with all other auricular rhythms,
bath.normal and abnarmal, fibrdlation never
exhibits a P or P’ wave. Except for ventricular
deflections, the baseline 15 always completely
inegular and broken, showing the deflections
described above. Finally, except for the ven-
tricular complexes, simultancous leads from any
combination of electrode positions generally
display complete asynchronism and little ap-
parent relationship of one lead to another.

As stated earlier, the circus movement theory
of fibrillation has been widely accepted despite
Lewis’ recognition of the inadequacy of sup-
porting evidence. This theory has been ques-
tioned only rarely in recent years. The type of
electrical activity manifested in oscillograms
from various parts of the fibnlating auricles of
the dog is chaotic and bizarre Furthermore, m
no tracing was evidence of an isoelectric period
recorded. Lewis considered that “. . . the

citation waves or the presence of a arcus mosement.

presence of some gap is all-essential, upon its
existence the continued movement absohutely
depends.” *** Therefore, even if a circus move-
ment conld be conceived in the presence of
the constant, turbulent electrical activity found
in the fibrillating auricle, the specific factor
which Lewis held essential to his theory has not
been demonstrated.

One modification of Lewis’ circus movement
theory predicates that the mother wave purst-
ing the circus pathway is microscopic in size.
Careful examination of oscillograms inscribed
from small electrodes m 2 large number of ex
periments confirms the visual evidence obtamed
by cinematographs taken with magmfying
Jenses: Neither the tracings nor the films reveal
any ecvidence of a circus movement, either
macroscopic or microscopic, in the fibnllating
auricle of the dog.

In summary, our cmematographic and elec-
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233

1

»
W

h thod
cilograms from a patient with auncular Sbrillation Somatic
tremor 13 easily wdentified as ats potential ss small and it
affects both electrades equally (arrows),

Reduced % tube-front size.

Figure 250 Smule fead

o5~

trographic studies of experimentally produced
aunicular fibnflation in the dog are mutually
confirmatory. Auncular fibrllation appears to
comsist of chaotic, bizarre, mechanical and elec-
trical actvity of a type heretofore undeseribed,

Part 11
AURICULAR FIBRILLATION IN MAN

Little or nothing 15 known concerning the
mechanism of auricular fibrillation in map,
While gross arthythmia of the pulse beat has
been recognized for many decades, not until
1839 was a correlation between the expert-
mental and chmeal disturbances snggested by
Cushny 122 Lews first proposed the cireus
movement theory as an explanation of expert.
mentally produced fibnllation in dogs 30 Later,
Lewis, Drury and Yhesey studied the arrhy the

4
i the ﬁbnﬂatmg auricle
Nyboer and Hamiltop
lead electromnra -~

an cffort tc
ance, the ¢

of man  Browp 1 and
** recorded esophaganl

- “elveardiographic eguin.
tudies reveaxlezfiI aIr’xiy aiq(,:‘é;,
smlar 1o thyg seen in more
€ confirmed the findings
workers by recording thyee

i esophageal leads with the stand.
ard electrocardiograph (Figare 249). Definite
canclusions concerning the nature of auricular
fibnllation conld not be established from such
records,

EQUIPMENT AND METHODS

As in our study of auricular fibnillation in
dogs, the dual-beam cathode-ray osciffograph
proved superior to the standard electrocardio-
graph as a means of exploring the nature of
clectrical activity in the fibrllating auricle of
man. In the present investigation, multiple
esophageal and hmb lead oscillograms were
recorded in each of 24 patients with auricular
fibollation. Eleven tracings were recorded from
four undigitalized bjects; the ing 20
subjects were fully digitalized.

Before deseribing the resulis of these studies,
four artefacts which were encounteted on ocen-
sion must be considered. (1) The most import-
ant artefact found was somatic tremor, In some
subjects, especially those in whom repeated
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URICULAR FIBRILLATION~ SIMULTANEOUS ESOPHAGEAL LEADS

\
v“"“—\-\

HiGH AURICULAR

AT

e ,ﬁ.«.,__*,lr,{\.M'M:M: | /V"‘\me

MID AUR)ICULAR
AURIGULAR

Low . -
(HIGH VENTRIGULAR ?) T :
. i \ o — iy
2 3 4

t
TIME IN SEGONDS

Flgure 249, Three sxmu]nncaus esophageal leads from
1

lar deflections can bc seen
t is the ¢

lar levels d at maumum
and at double speed The tracings shaw typical pattern of
aunteular fibnllation. No synchromcity between the aurncu-

In contrast with all other auricular rhythms,
both.normal and abnormal, fibrillation never
exhibits a P or P’ wave. Except for ventricular
deflections, the baseline is altways completely
irregular and. broken, showing the deflections
described above. Finally, except for the ven-
tricular complexes, simultaneous leads from any
combination of electrode positions generally
display complete asynchromsm and httle ap-
parent relationship of one lead to another.

As stated earlier, the circus movement theory
of fibnllation has been widely accepted despite
Lewis’ recognition of the madequacy of sup-
porting evidence. This theory has been ques-
tioned only rarely m 1ecent years. The type of
electrical activity manifested in oscillograms
from various parts of the fibrillating auricles of
the dog is chaotic and bizarre. Furthermore, in
no tracing was evidence of an isoelectric period
recorded. Lewis considered that . . the

p of the ev-
citation waves or thc presence of a circus movement

presence of some gap is all-essential, upon its
existence the continued movement absolutely
depends.” 3 Therefore, even if a circus move-
ment could be conceived in the presence of
the constant, turbulent electrical activity found
in the fibrillating auricle, the speaific factor
which Leswis held essential to his theory has not
been demonstrated.

One modification of Lewis circus movement
theory predicates that the mother wave pursu-
ing the circus pathway is microscopic in size
Careful examination of osaillograms inscribed
from small electrodes in a large number of ex-
periments confirms the visual evidence obtamed
by cinematographs taken with magnifymg
lenses: Nenther the tracings nor the films reveal
any evidence of a circus movement, either
macroscopic or microscopie, n the fibrillating
auricle of the dog.

In summary, our cinematographic and elec-
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\gure 254 Esophageal lead cathode-ray osaill
Eilngle patient  Recorded at different speeds.
(A) Undhgitahzed,
(B) Fully digitalized Note the pronounced effect of
digitahs on the efectneat acuvity of the Fbnllating auncle

from

esophageal lead oscillogram of fibrillabon in
man was identical with the records obtained
from semi-drrect auncudar leads in dogs.
Simul Unipolar Esophageal Leads:
1 1 were ded from
two electrades placed 25 to 5 centimeters
apart in the esophagus directly behind the au-
ricles In every mstance the tracing from each
electrode exinbited the small and large waves
described above. The two fluorescent dots from
the electron beams traveled in constantly vary-
ng directions, crossed back and forth over each
other and insenibed waves of different amph-
tude and configuration (Figure 233). Rarely,
for hrief intervals, the waves in the simultane-
ously recorded tracings were insertbed syn-
chronously. As in the animal, however, careful
10n led that the compl in the
two tracings were not 1dentical,
The large waves in the simultaneous esopha-
geal lend oscillograms of Gbrllation 1n Toan
appeared more synchronous than those in simul.
tancous direct auricular leads in the eXperi-
mental animal This was explained by the fact
ﬂ‘mt a certain number of the waves had suff.
cient potential to be ‘picked up by both eso-
p}lflgeal electrades with the result that the
were inscribed almost synchronous) Y

e < y.
Sn:\\\:\t observations were made in multiple
lead elect di

l‘“ (=3
grams (Figure 249). Since the electrocardio-

OF FIBRILLATING AURICLES

auz

)

graph has Tower mng“iﬁm\iu?\ amlhlow;zr'
frequency response than the oscillograph, 0;\ )‘
the largest waves (“f waves) “were Tecorded
with fidelity. These large_deflections were 53
jrregutar and asynchronous that they sceme
incompatible with the presence of a skrmjg im-
pulse traveling from one end of the auricle to
the other in a definite pathway. An atterapt to
correlate the clectrical waves with a definite
course over the auncles, as was donc in our”
study-of flutter, proved futile. -Some waves
appeared to travel upward through the auricle,
others downward; some were found at only one
level.

Supra-Auricalar and Ventricular Levels: Os-
cillograms from these levels consistently re-
sembled those from various limb leads (Figures
951A and C). The large waves appeared as
gentle undulations and no spikes were in-
seribed, On closer examination, minute, almost
microscopic, irregularities were found superim-
posed on each wave. Deflections of similar con-
figuration were obtained in oscillograms from
leads directly behind the auricles when the
records were made at Jow amplification.

Osservamion 6. Tue Eerecr oF Dicrraus

As noted earlier, 20 of the 24 patients studied
were completely digitalized. The oscillograms
of the digitalized patients were much less ir-
regular than tecords from undigitalized sub-
jects {Figure 254). The effeet of digitalis on

auricular fibnllation is discussed in greater de-
tail in Chapter XVI.

DISCUSSION

Except for changes attributable to digstalis,
results were similar in all patients examined by
esophageal lead techniques. Records at re.
peated intervals in each patient were similar,
Several were well trained subjects; one was
studied on six occasions, another on three,
oth.ers twice each. One patient initially ex
hibited avricular flutter which later was con-
verted to Sbrillation (Figure 252). The records
obtained at fast recording speeds (254, centi-
meters per second) dunng bouts of flutter were
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a single patient,

(Upper} Dunng auricular flutter. The base Ime 1s
smooth at all times,

{Lawer) After conversion to auricular fibrillatton, Ac-
tivity characteristic of the arrhythmna is now present

Reduced 33 tube-front size,

records were made, this factor was negligible;
in others, it could not be eliminated. The pres-
ence of somatic tremor was casily recognized
because the bizarre, irregular deflections pro-
duced by the tremors were parallel and identi-
cal in each of two simultaneous esophageal
leads (Figure 250). Regardless of how well
trained and calm the individual subjects were,
it was impossible to record chest or limb leads
on the cathode-ray oscillograph without preking
up tremors from underlying striated muscle.
The artefact was minimal in unipolar esopha-
geal leads because no striated muscle was
present between electrode and heart. Thus,
esophageal leads provided the only method of
investigating the electrical events of fibrillation
in man. (2) Alternating current artefacts weie
avoided by use of a wire-screen cage to shield
the subject (Appendix) (3) Respiratory move-
ments which could cause a slifting baseline
in the esophageal electrocardiogram were con-
trolled by instructing the subject to hold his
breath at the midpoint of the respiratory cycle.
(4) Transmitted aortic or ventricular pulsations
which might produce a large wave immediately
following the ventricular T wave were climi-
nated by moving the electrode a few mlli-
meters up or down the esophagus.

THE ESOPHAGEAL LEAD OSCILLOGRAM
OF 'AURICI_JLAR FIBRILLATION IN I\IAIA\’l

OBSERVATION 5: ESOPHAGEAL LEADS FRoM
- . UNDIGITALIZED PATIENTS

Auricular Levels: Cathode-ray oscillograms
were made from esophageal levels directly
posterior to the auricles. The .records .were re-
markably similar to the direct auricular lead
ascillograms “obtained in animals. No P or P'
wave was present, The ‘baseliné was irregular
and jagged (Figure 251), in contradistinction
to the smooth and regular baseline characteris-
tic of normal sinus rhythm and the slower-rate
auricular arrhythmias (Figure 252). As in the
animal, the oscillogram of fibrillation in man
exhibited both small and large waves, (1)
Small, irregular waves, usually 0.1 millivolt or
less in amplitude, occurred at frequencies as
high as several thousand per minute. (2) Large
waves, approximately 0.2 to 1.0 millivolt in am-
plitude, appeared at frequencies of approvi-
mately 850 to 600 per minute; these large waves
were readily recognized as the famillar “f
waves of fibnllation. In fibrillation in dogs,
oscillograms recorded from the esophagus or
other mediastmal structures differed from the
direct auricular lead oscillograms m that, even
at short distances from the auricles, the amph-
tude and frequency of the minute waves tended
to diminish and the large waves were of slower
frequency, smaller amplitude, and were more
rolling and less peaked in configuration. The

\ 1

Q

hod

Figure 253 1 lead
cillogram from a patient with auricular fibnllation The

Jeads are 25 ¢m apart. Note dissmilanty of pattern.
Reduced % tube-front size
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direct leads generally are not apparent in semi-
direct leads, but probably manifest themselves
as slight irregularities m the large waves.

As fibnilation is converted to auricular flutter
etther spontaneously, by freezing the aconitine
focus or by the use of anbfibnllatory drugs, the
chaatic waves disappear 2od are teplaced by 2
smooth baselme and regularly repeated com-
plexes When flutter is converted to fibriltation,
the converse oceurs.

Aurncular fbnllation in 20 digatalzed and
four undigitalized patients was studied by
means of multiple esophageal leads recorded on
the cathoderay osesllograph. These tracings
were sumbar with seri-divect ausicular lead os-
cillograms recorded in dogs with auricular fibrilt
lation before and after treatment with dygmrais,
Large waves similar to those seen in durect lead
tracings from dogs were recorded in the esophas

geal oscillograms from man. The tracings from
esophageal leads exhibited fewer small com-
plexes than those from direct leads, presumably
because the minute electrical activity was too
weak to be tr itted through the esopl 1
tissues to the electrodes. Tracings from two
simultaneously recording electrades placed 2.5
to 5 centimeters apart in the esophagus were
generally asynchronous and  unsymunetrical,
Only the largest was es were synchronous, since
these waves were of sufficient voltage to be
transmitted to both electrodes,

The electrical events in the fbrillating auri-
cles are identical in man and in the dog. Both
cine hically and oscillographi

Uy, as

. vicnlar fibrillation is a bizarre, chaotie disturh-

ance characterized by constant, asynchronous
activity unlike that observed in any other aurie-
ular arthythmia.
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characteristic of that disturbance: regular au-
ricular deflections, smooth and flat baseline,
synchronism between tracings from multiple
simultaneously recorded leads were present.
During fibnllation, all the characteristics of
flutter were replaced by the typieal jagged ap-
pearance of the tracings from the other 23 pa-
tients. The electrographic differences between
flutter and fibrillation were clearly demon-
strated in this patient.

The electrical activity observed in man dur-
ing auricular fibrillation closely parallels that
found in the experimental animal. This evidence
concerning the identity of the electrical events
in the fibrillating auricles of man and animals
would appear to be the most conclusive yet
obtained. In man, as in the animal, the activity
is continuous, bizarre and chaotic. In esopha-
geal leads from man, to an even greater extent
than in the direct leads from dogs, the elec-
trodes record activity occurring in auricular
areas much larger than that in direct contact
with the electrode. Waves of large potential un-
doubtedly are recorded from a distance. The
fact that no isoelectric interval is apparent in
oscillograms of auricular fibrillation does not
indicate that each muscle fiber is continuously
active; as shown 1n magnified cinematographs,
the individual muscle bundles undergo a period
of relaxation lollowing cach contraction. But as
one bundle enters “diastole,” its neighbor, also
recorded by the oscillograph, contracts. These
asynchronous contractions are responsible for
the continuous, irregular undulations described
The oscillogram of auricular fibnillation in man
in no way indicates that the electrical wave fol-
lows an irregular circus pathway suggestive of
a circus movement, nor do the periods of “das-
tole” recorded from semi-direct esophageal or
indirect hmb leads represent the isoelectric gap
which Lewis considered essential to the exist-
ence of a circus movement. These oscillographic
ohservations on spontaneous auricular fibrilla-
tion in man are completely analogous to our
cinematographic and electrographic observa-
tions of the experimentally produced arrhyth-

mia in dogs.

SUMMARY AND CONCLUSION

The electrical activity of the fibrillating auri-
cles in man and in the dog was studied by
means or the cathode-ray oscillograph, the
direct-writing electrocardjograph, and the
photographic recording twin-beam electrocar-
diograph. Because of almost unlimited ampli-
fication and frequency response as well as free-
dom from mechanical inertia, the cathode-ray
oscillograph used with a high film-speed record-
ing apparatus proved the most useful of the
various instruments available.

Auricular fibrillation in the dog was produced
by mechanical, electrical and aconitine stimula-
tion, the electrically initiated arrhythmia was
studied during the post-stimulatory phase.
Identical oscillograms were recorded regardless
of the method of production employed. Direct
lead oscillograms from the fibrillating auricles
of the dog reveal the presence of continuous,
Dbizarre, chaotic and non-cyclic electrical actw-
ity which, for descriptive purposes, may be
divided into two types: (1) minute waves with
an amplitude of 50 to 500 microvolts and a fre-
quency of 7,000 to 40,000 per minute; and (2)
Targe waves 8 to 10 millivolts in amplitude, re-
corded at a rate of 400 to 1,000 per minute. The
large waves in the oscillogram correspond to
the familiar “F" waves of the fibrillation electro-
cardiogram. Intermediate types of waves are
frequently inscribed; these vary m amphtude
from 0.5 to 3 millivolts and in frequency from
1,200 to 3,000 per nmunute. Two simultaneously
recorded direct leads show only rare synchro-
nism whether the electrodes are placed close to-
gether or far apart.

Oscillograms from electredes placed in medi-
astina) structures adjacent to the auricles, such
as the esophagus or venae cavae, exhibit de-
flections of substantially lower frequency and
potential than those recorded directly from the
auricles In tracings recorded even @ short
distance from the auricle, the large complexes
are smaller and smoothed out; these closely re-
semble the “f” waves of the fibnllation electro-
cardiogram. The small waves recorded from



TH O 9
¥ CONS! ()N ON F1BRILL TION
YRTHER IDERATL 5 ON R A

A :
mf“if‘”‘“’“ geares

12

o FIBRIL Anmv -

7
PP‘P’\PP‘ o

2 FIHRILLATION i{l .. FLUTTER

n~»—v'— b

TR
AUR, RATE= 428 IM\n.

AURIGULAR
FIBRILLATION

AURIG RATE = BBOIM)N

Fupore 255 Electrocardiograms from two patients
with aumeular fotter @t mtes near the fballaten

{AY The auncular wute 35 428,
{B) The aunculas sate 1s 380
threshiold
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CHAPTER XIV

Further Considerations on the Nature of Auricular Fibrillation

THE PRODUCTION OF AURICULAR
FIBRILLATION

AURICULAR RATE

It 1as Loxe been known that experimental
fibrillation is produced when the auricular rate
exceeds a cettam critical level. This has been
termed the fibrillation threshold rate. In the
dog anesthetized with pentobarbital or morphine
and vrethane, a rate from 400 to 650 mast usa-
ally be achieved before fibrillation appears.
Although considerable variation exists from dog
to dog, in the individual animal under uniform
circumstances the fibrillation threshold rate ap-
pears to be fairly constant

In five humans it was possible to determine
the threshold rate necessary for the establish-
ment of auricular fibrillation. Electrocardio-
grams from these patients exhibited frequent
transitions between auricular flutter and fbril-
lation (Figure 255). In such instances the an-
ricular rates smmediately prior to the establish-
ment of fibrillation approvimate the fibrillation
threshold. These rates were 360, 380, 428, 430
and 432 per minute respectively. The fact that
all five patients had heart disease and some
were receiving digitalis undoubtedly influenced
the fibrillation threshold. It is of mterest that
the threshold rate in these patients is not radi-
cally different from that observed in the expen-
mental animal

INTRA-AURICULAR CONDUCTION

Cinematographic studies described in pre-
ceding chapters reveal that the contraction
wave is conducted across the auncles at a
greatly reduced speed when premature auric-

ular systoles or very rapid auricular rates are
induced by either electrical stimulation or
aconitine. Lewis, Feil and Stroud *® originally
made similar observations regarding the excita-
tion waves of auricular premature systoles and
the rapid-rate arthythmias. By stimulating the
auricle electrically at one point and recording
the arrival of the cxcitation wave (opset of the
intrinsic deflection) at another point, these in-
vestigators demonstrated that as the rate of
stimulation was increased, the rate of conduc-
tion of the excitation wave decreased. Slight
widening and notching of the P’ wave occurred
when conduction was thus slowed by rapid
stimulation. Love ** noted that if stimulation
of the auncles is sufficiently premature, excita-
tion takes place with httle or no conduction of
the excitatory process. This observation mndi-
cates that conduction recovery takes place after
the absolute refractory period has ended. In-
stances in which the excitation wave travels
for short distances with a gradual and prema-
ture termination have been termed decrement
conduction  Similarly, we have observed cine-
matographically that the contraction waves of
certain auricular premature systoles travel only
a short distance over the surface of the auricle
before dying out (Chapter 1I).

The foregoing observations support the con-
cluston that following cxcitation, the auricles
gradually recover their ability to conduct the
next excitation and contraction wave. This is
illustrated by the theoretical anricular condue-
tion recovery curve 1w Figure 256A. Stimula-
tion applied to the auricle at tme-point X in
the cardiac cycle would result in a premature
systole which would be poorly conducted. As

{258]
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{A) Conduction recovery tahing place after the absolute refractory peniod has ended
Extrasystole occurnng at pont (X} would be conducted poorly hecause evaitation takes
place before d recovery 15 leted

{B) Drastic shortening of the cartiac cycle occurnng at tapid auncular rates If the

lar rate s ly rapid, d n recovery 15 mcomplete and conduction 15 slowed
This conduction slowiag 15 stmular to that produced by premature eiaitation but differs
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Figure 239 Auncular condaction  Teovery.
Oréhnates {¥ wus) shows in-

and reconding of stmmlating electrodes m the

tenval (transmussion amtensal) m seconds as
measuced t direct lead electrocardiogram fram
icft auncle recorded while the nght aundle way
bewp, electneally stmulated  Absclssae (X asish
shaws the stumutus-stimulus 1nterval {eycle in-
tersal} m seconds  For relerence the corres-
ponding auncular sate s shown above the
stunulus-stinotus interval

figwve shows the nomal aunculr
conduthion reeenery curves for fout dogs, No
effort was made 1o obtan Kentical placement

falure At pre-fibnllatory aurieular rates, splin-
terng and shght widemng of the ¥ wave
accurs a3 conduction begins to fal This pattem
was termed impure flutter by Lewis»® Since
such aberration of the ¥ wave ocowrs after

duction has hecore smpaired

s fv
able that a further impairment of conduction

would produce additional sphatering and break-
down of the auncular deflection, culminating

wm the chaotic oscillations characteristic of Sbrl-
1ation

four wever, once the 1ecordmy
and l had been p d
they were left unchanged for the duration of
the experiment  As shown by the curnes, t

avncular conduction Temains nonudl over
wade sange of zates When the rate 15 mncreased
1o fevels above 400, however, auncular con.
duction fals rapidly and, m the experiments
alustrated, Ieads to the appearance of fbrlla-
tion The lowest point on each cunve yepresents
the Rbnllation thresheld, {Urethane anesthe-

s1a ~ Dogs BO, BK, JF, LF.)

OsservaTioN 3, Tur Errscr oF Autenen
Avricuran CONPUCTIVITY ON THE
Fromueanion THeestoLn

Dugitahs and quinidine are known to de-
crease the conductivity of the auricles. Vagal
stmulation and acetyleholine on the ather hand
have been shown under certain circumstances
to increase the conductivity of the auricles s+
¥ 4% The effect of these agents an condaction
recovery and the BbriMabion threshold was
studied by associating auricular conductivity
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OBSERVATION 2; AURICULAR CONDUCTION
Recoveny

Conduction recovery of the heart can be
studied by two methods: (1) measuring the
speed of conduction of extrasystoles produced
at various intervals thraughaut a controlled cax-
diac cycle; and (2) measuring the conduction
in the auricle at various cardiac rates. The sec-
ond method was employed as follows:

In 17 dogs, the auricles were exposed in the
manner described in the Appendix. A stimulat-
ing electrode from a low frequency pulse gener-
ator was attached to the right auricular appen-
dix, and recording electrodes were placed on
the body of the right auricle and on the left
auricular appendix. The positions of all eclec-
trodes remained constant throughout the ex-
periment. The auricle was stimulated at rates
in gradual increments of 25 to 50 stimuli per
minute while continuous electrocardiograms
were recorded at double speed (50 millimeters
per second). In a few experiments, direct au-
ricular leads were recorded on the cathode-ray
oscilloscope at a camera speed of 7% inches per
second. By measuring the stimulusantrinsic
intervals® in the continuous tracings, changes
in conduction associated with the acceclerating
auricular rate could be determmed (Figure
256) Since the stimulus-intrnsic interval is
longer in the leads from the left auricle, this lead
was chosen for measurcment. This interval in-
cludes the latent period as a negligible and
constant error.

As observed in cinematographic studies, the
threshold rate for the production of auricular
fibrillation in the dog lay around 600 per
minute.®® As the rate of sumulation nears the
critical threshold rate (about 600 impulscs per

® A constant pomnt on the stmulus signal was chosen and
the mnterral between this pomnt and the onset of the mtnnsic
deflection was measured

2 [n approximately half of the anmmals studied, we were
unable to abtain suffictently rapid auncular rates for the

production of fibullation 1t is not completely clear why
certam auncles respond to extremely rapid rates of stimula-
tion while others do not Observations suggest that this
protective mechanism ruay be related to the gradient of
conduction teconery, Other obsenvations of this question
arc presented 1n Chapter XVI.

minute} two events become apparent: (1) the
stimulus-intrinsic interval begins to increase
(Figure 257); and (2) the P’ waves become
wider and slightly splintered (Figure 258).
These changes rapidly become more marked
as the auricular rate is further increased. When
the threshold rate is reached and fbrillation is
produced, the stimulus-intrinsic interval ecan
no longer be measured. In some animals the
fibrillatory pattern appears during the gradual
acceleration of the rate of stimulation but con-
duction improves and flutter recurs when the
rate of stimulation is again constant. With a
further slight increase in the rate, a degree of
conduction failure is produced from which the
auricles cannot recover and fibrillation per-
sists as long as the high rate of stimulation is
maintained. Occasionally, auricular fibnilation
persists for a short time after the electrical
stimulation is discontinued.

These events leading to the production of
fibrillation are summarized in the auricular con-
duction recovery curves shown in Figure 259,
These curves have been constructed by plotting
the stimulus-intrinsic interval agamnst the stum-
ulus-stimulus interval (rate of stimulation).®
It js apparent that fibrillation occurs after con-
duction has begun to fail,

The cinematographic and electrocardio-
graphic evidence presented in Observations 1
and 2 indicate that aunicular fibrillation occurs
when the auricular rate js aceelerated to a point
beyond which the auricles no longer conduct
and contract in an orderly manner This evi-
dence further suggests that the fibnilatory state
represents an advanced degree of conduction

® Curves of similar shape can be constructed by plotttng
the width (duration) of the P’ wave agamst the PP
internal (auncular rate) but the mtncacy of making such
weasurements renders the latter method of Litle practical
value for the aurcles Such is not the case for the ventrcles
Decherd and Ruskm ** have constructed ventneular con-
duction recovery curves by plotung the width (duration) of
the QRS complex agamst the B-R mnterval { ventneolar sate
Lewis and Masters™ ond Ruskin and Decherd ® con-
structed recovery curves for anniculo-ventnicular conduction
by plothng the P-R itenal agamst the P-P or preceding
R-P mterval It 15 of considerable mterest that such cures
have a sumlar shape whether thev represent aurnculdr, ven-
tneular or A-V conduction
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Figure 260  Auncular conduction recovery before
and after admmistration of strophanthin  Aurtcular
fibnllation 1n unmedicated ammal appeared when the
aurtcular rate reached 600 per minute After ad-

with auricular rate. As shown in Figure 260
before strophanthin, an auricular rate of 600
was required for the production of fibrillation,
whereas, following digitalization an aurjcular
rate of 480 resulted in fibrillation A similar re-
sult was obtained following the admunistration
of a small dose of quinidine to another animal.
As shown in Figure 261, under control condi-
tions, an auricular rate of 600 resulted in fbril-
lation, whereas, following quimdine admimstra-
tion an auricular rate of 400 resulted in fibnl-
Jation With acetylcholine, the opposite effect
was observed ( Figure 262): Under control con-
ditions, an auricular rate of 590 produced fibril-
lation, whereas, in the same animal during
administration of acetylcholine fibrillation was
not produced until the aunclular rate reached
1500. These observations clearly show that tiwo
variables exist for the establishment of auricular
fibrillation: (1) auricular rate and (2) auricular
conductivity. Although Lewis and assocrates ™
made similar observations with regard to the

mimstration of strophanthin K (0030 mgm /Kg )
fibrillation appeared when the auncular rate reached
480 per mipute  (Urethane anesthesta — Dog EC )

effect of vagal stimulation on the fibrillation
threshold, they held the view that the vagus
was incapable of accelerating fiber conduction.
However, as shown in Figure 262 acetylcholine
accelerated conduction recovery, and between
the awicular rates of 560 and 1200 1esulted in
a super-normal phase of conduction recovery.®

From these obsesvations the conclusion 1s
drawn that conduction failure must take placc
before auricular fibiillation can eaist. Our
studies further suggest that the degree of con-
duction falure necessary for the establishment
of fibrillation may be farly constant.

FACTORS PREDISPOSING TO THE
PRODUCTION OF AURICULAR
FIBRILLATION

Little is known concerning the electro-bio-

*This phenomenon has been observed m all animals
studied but the degree and the auncular rate at which it
occurs vanes somewhat in different ammals { Figure 303,
Chapter XVI) Similar acceleration of intra-auncular con-
Jduetion at ramd tates of stumulstion has been noted by
Rosenblenth and Ramos.®
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of the vagus substance (acetylcholine) on 3;'1"’
ricular conductivity was considered, Clinica }f
and in the experimental animal, the eﬂ'ect' o
the vagus on auricular rate appears to over-
shadow 1ts effect on conductivity. Vagal stimu-
Iation durng auncular flutter often causes an
inerease in auricular rate sufficient to prodllcc
a tramsition to fibrillation (Figures 194, 193).
This and other events resulting from an increase
m vagal tone are discussed in Chapter XV1.

Auricular Distention: Stretchi g of auricular
tissue has been found by Scherf, Scharf and
Goklen * to produce auricular fibrillation. We
have confirmed this observation by inserting a
balloon mto the avricle through a purse string
openmng so that the stem of the balloon re-
mained outside the heart. When the auncle was
distended by mjectng saline into the balloen,
aunenlar fibrillation frequently developed (Fig-
ure 263)

Anoxia; Apparently anoxiz has 4 complex
effect on the heart, tending to depress candue.
tivaty and mcrease vagal tone" We have ob-
served that anoxia frequently converts aconi-
tine-induced flutter to fibrillation (Fi igure 264),
the rhythm quickly reverts to futter when
anoxia 1s relieved, The presence of anovia has
been found to fayor the production of auricular
fibnillation by cholinergic drugs 3 54 may be
a factor in Post-operative fibrillation, The fact
that auncular fibrillation 45 uncommon m pa-
tients with anpyis resulting from severe emphy.
SEma Or one of the CYanohie vareties of eon.

ttributable 1o
uch instances

genttal heart disegse may be gf
the nlxroniexty of the anoxig in
Py

l:ngure 2‘62 73] Avncolay erniint ~.
dvemn,’, o0 . ‘

ity
Tates
Dog \ip )

(B) Portan of g, electrocardiogran 1

ey 8 Smintcin 5 e fom o
electneally Troduced surcular futter 4 4 rate of ﬂppruﬁg-
matele 900 per minute, Amows denote stmuf, {Recorded
at double speed and enlyrged WO times ) oo

i dunculgr
-GV BT Tingte {Urethane anesthegyy

AURIGULAR
FlBRlLﬁLA]I'_LON
Kl i

N.S.R e

o 5
TIME IN SECONDS

Figure 263, A rubber balloon was placed in the nght auri-

cle of o dog dunng normal sinus shythm  As the baloon

was anflated 5t distended the auricle, Note the onset of
aunedar Shallation sith the auricalar distention

Heart Failure; Heart failure is well known
to favor the production of aurieular Bbrillation,
This may be attributable to the presence of both
auricular distention and anovia, Auricular filyil.
lation 15 frequent complication 10 migeal
stenosis which i accompanied by marked loft
auricular distention, even in the absence of
chnical heart failure,

Myocardial Infarction; This condition is fre-

Quently complicated by auricular fibrillation
and other arthythmias, The existence of heart
failure or anoxia may he contrsbuting factars,
In two of our batients with aurieylar fibrillation
c?mplifnting myoeardial infarction free, awric-
ular i . .

" ctro-
carcht * . that
the f. - v+ b deibythmia wag in the ischemie
junctiong eas {Figure 316),

Atticular fibrillation, ;
he ageof 1 year, i
under the age of 12 ye,
more frequent during and
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B. BEFORE BURN  To INTERRUPT
HYPOTHETICAL CIRCUS PATHS,
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A B
NORMAL  ANOXIA
RESPIRATION

G
SEVERE ANOXIA

FASTER -
FLUTTER =3~ FLUTTER =~ FLUTTER —#AUR, FIB RILLATION
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Figure ;.264 Elccsrocardlogmm showing the effect of anovua on flutter
A) R P

(B)
(c) .

in senility it is by far the most common arrhyth-
mia. An analysis of the age distribution of a
series of 329 patients with auricular arrhythmias
examined at the Los Angeles County General
Hospital is shown in Table II.

TABLE I

AGE INCIDENCE OF AURICULAR FIBRILLATION IV
ReraTIONSIP TO OTHER AURICULAR ARRIYTIIMIAS *

Under  Over

Table Total 60 years 60 years
Aurcular fibnllation 220 25% 5%
Auricular flutter 85 3lg 69%
Paroxysmal auncular tachycardia 24 71% 29%

* Statsstics compiled by Mrs R S Cosby of Los Angeles

The relative rarity of auricular fibrillation
among young individuals may be due partially
to the high degree of myocardial conductivity
in infancy; as noted earlier, this factor would
tend to raise the fibrillation threshold On the
other hand, the greater incidence of fibnllation,
especially of the paroxysmal type, among aged

persons may reflect the increase in the fre-
quency of other forms of heart disease in older
age groups.

Idiopathic Auricular Fibrillation: In an esti-
mated 4 to 6 per cent of all patients with
auricular fibrillation the etiologic factors are
unknown. Idiopathic auricular fbrillation has
occasionally been encountered in several mem-
bers of the same family. In these nstances none
of the factors ordinarily associated with auric-
ular fibrillation could be found.

THE PERPETUATION OF AURICULAR
FIBRILLATION

The mechanism by which auricular fibrilla-
tion is perpetuated has been the subject of much
mveshigation and speculation. Present contro-
versies center chiefly around the question of
whether fibrillation 1s perpetnated by one
rapidly discharging focus, maltiple focy, or a
self-sustaining re-entrant phenomenon, termed
the circus movement.
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Figure 267 (A) Auncular Sbnllation from an mcani.
tine focus on the left auncle

{B} The nght aunce was removed following pro-
duction of the arshythaua Electrocardiograms recorded
before and after the operation {resection) are wdentica)

nitime to the caudal end of the right auricle,
Continuous limb leads and direct annenlar leads
from the nght and left appendix were taken
The entire right auricle except the ectopic focus
on the posterior surface was frozen with ethyl-
chlonde spray untd the area was completely
covered with white frost After this procedure,
the night auncle appeared motionless and the
direct lead tracings indicated that ql electrical
activty m the right chambey had ceased while
the left auncle continved to fhrillate,
wnstance all visible portions of both auricles with
the exception of the focus on the posteri

Osservanoy 7 Covterere
Oxe Avmcre
Avricular Bbrillation yyas produced by Joq]
appheation of aconiting fp the left auricular
appendis. Limh lead electmeardiogxams and

Reymovar of

direct leads from the appendix of ﬂr(': left auri-
cle were recorded continuously, While ﬁbnllal-
tion was present, the venac cavac were clamp:a(
and the entire right auricle was remo:'cd hl} a
series of rapid { along its att !o
the ventricle. This procedure was completed in
less than 20 seconds. As seen in Figure ‘?:67,
auricular fbrillation pessisted in the left auricle
after the venae cavae and right auricle had been
completely separated from the heart. -

In summary, observations 4, 5, 6 and T are
consistent with the vesults of blocking experi-
ments reported by other investigators and with
cinematographic and oscillographic observa-
tions descnbed in preceding chapters. These
data when considered together conclusively
prove that auricular fibrillation is not perpetu-
ated by a circus or re-entrant phenomenon.

UNIFOCAL +s, MULTIFOCAL THEORY
OF AURICULAR FIBRILLATION

In this and in studies by many other investi-
gators fibridlation has been repeatedly initiated
by electrical stimulation or aconiting applica.
tion at a single focus in the auricles, Whether
the original point of stimulation remains the
sole site of mpulse farmation or whether mul-
tiple other sites subsequently become estab-
lished as ectopic focf discharging impulses at
independent rates s not yet determined,

The multifocal theory of auricular fibrillation
is based pomarily upan eleclmcardxogmphic
observations, When direct or semi-direct leads
from the fibrillating auricle are recorded pn

at irregular
sis has heen
€Y Tepresent impulses arising
at multiple ectopic foci dixcharging at irregular
the large waves is initiated

of an impulse from an inde.
Pendent gte of

would indeed be fo
cles, However, ¢f
reported in Chapt



270

THE CIRCUS MOVEMENT THEORY

As noted in Chapter XI1, Scherf, Brams and
Katz have attempted to interrupt the electrical
activity of the fibrillating auricle by blocking
the hypothetical circus path with a broad liga-
ture or a deep crush; these procedures failed to
terminate the arrhythmia, It was concluded
that such results, although incompatible with
the circus movement theory as advanced by
Lewis, do not completely rule out the existence
of smaller circus pathways within the area iso-
lated by the ligatures or crush.

A series of experiments has been performed
in our Jaboratory which confirms and supple-
ments previous observations on blocking the
circus pathway.

OpbservarioN 4: Brockive Tae Hyromurrmican
Cmcus Patir BY BURNING

In each of four degs, auricular fibrillation was
produced by applying aconitine to the body of
the right auricle. Electrocardiograms were
taken continuously during the course of the ex-
periment. The right auricle was photographed
at 2,000 frames per second Defore and after two
deep burns were inflicted with a hot glass rod.
The first burn was made across the intercaval
region, extending well up on the wall of the
superior and inferior venae cavae. A second
burn was executed directly across the body of
the right auricle from the auriculo-ventricular
groove through the taenia teummalis to the
midpoint of the wntercaval burn. At autopsy
these burns were found to extend to the endo-
cardium.

As shown in Figure 2654, all possible circus
paths around ecither vena cava were effectively
blocked by the strategically placed burns.
Nevertheless, the simultaneously recorded cine-
matographs and  electrocardiograms  clenrly
show that auricular fibrillation persisted after
the bumns were inflicted (Figure 265B). The
entire right auricle was well visualized on the
high speed films. Both large (“L") and minute
(“M”) contractions weie seen to occur on both
sides of the burn. The Jarger contraction waves

THE AURICULAR ARRHYTHMIAS

——

- BEFORE_FREEZING AURIGLE

aaad o L WV ¥

AFTER
)

Figure 266  Elcctrocardiogram  of auncelar
fibrullation 1n the dog showmg no change after
freezing of the auricle

approached the burned area and terminated;
they did not turn at this point. No circus move-
ments were visible in any part of the auricle.

OssenvaTioN 5: Curnine Tie HypoTHETICAL
Cmcus PaTit

In each of two dogs, the heart was exposed
and fibrillation produced by aconitine apphca-
tion. While continuous electrocardiograms were
recorded, the right auricle was rapidly cut from
the auriculo-ventricular groove to the inter-
caval region and from the supenor to the in-
ferior vena cava. The site of the incision was
1dentical with that of the burn described above.
Again auncular fibrillation persisted after com-
plete severance of all possible circumcaval exr-
cus paths,

Experiments of this type are necessarily short,
since bleeding from the incised auvricle cannot
be adequately controlled. Nevertheless, aurc-
wlar fbrillation persisted long enough to allow
adequate recordings, thus demonstrating that
the electrical phenomena in the fibrillating au-
ricle were independent of the interrupted paths.

ORSERVATION 6: FREEZING THE AURICLE

In each of five dogs, the heart was exposed
and fibrillation produced by application of aco-
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A.FIRST FOGUS ON
APPENDIX OF
RIGHT AURIGLE

B. SECOND FOGUS
PRODUGED ON BODY
OF RIGHT AURIGLE

G. FIRST FOGUS
{ APPENDIX) AMPUTATE

Fugare 268 (A} Avrieatas
(8) A second acomtine

Although Scherf was apparently convinced
that only one focus was active i aconitine in-
duced auncular fbrilation, he concluded from
experiments with acetylcholine that “in some
forms of auncular fibullation, more than one
center of raprd shmulus farmation is active.” %°
Gur observations indicate that although 1t is
possilile for two or more foci to exist simultane-
ously m the auncles, 21 2 given mstant, only one
dommates and all others remain latent. If the
dominant foens 13 selectively eliminated, aurie-
ular fibriflation may be perpetuated by apother
formerly dormant focus

From esperimental Observations 8 and 9 it
is canclnded that auncular fbrillation ongnates
from and is perpetvated by a sngle rapidly dis-
chargmg ectopie focus

SITE OF THE ECTQPIC FOCUS OF
CLINICAL AURICULAR FIBRILLATION
o 1

g
nents exbit spomtaneous Yransity

1. 1:

from pa-
ons  from

JONS ON FIBRILLATION

e AT
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Gorilstion from facus au the appendix of the right aundle
focus was produced on the body of the nght auncle

slower-rate arthythmias to auricular fbrillation
(Chagtes XVIII). Conversely, following ad-
ministration of quinidine to patients with auric-
wlar fbrillation, a gradual transition through the
slawer-rate arthythmias to normal sinus rhythm
15 often observed In such mstances the {ap-
proumate) site of the ectapic focus of the
fibrllation can be determined from the con-
Rguration of the P’ wave of the slower arthyth-
mias. As noted in Chapter VIII, an ectopic
forus high i either auncle produces an up-
nght P’ wave in leads 1, 2, 8 and AVF, while
2 estopre focus Jow m either auridle produces
inverted P' waves m most of these leads.
Theaugh the genesosty of our colleagues, we
have bad the opportunity to study valuable
elecirocardiograms from 20 patients exhibiting
the quinidine-induced transition fror auricular
Rbrillation to auricular flutter. Tn 14 of these
mstances the B waves of the futter were jn-
verted in Jeads 1, 2, 8 and AVE, indicating that
the focus of both arrhythmras was Jow m the
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regular waves in the electrocardiogram during
fibrillation are a counterpart of large contrac-
tion waves which spread from multiple sites
for variable distances and in unpredictable di-
rections across the surface of the fibrillating
auricles. Such large contraction waves are con-
stantly present in fibrillation and bear no
apparent relationship to the location of the ex-
perimentally produced ectopic electrical or aco-
nitine focus which is the sole site of formation.
Therefore, it would be erroneous to conclude
that the variable contour of the oscillations in
esophageal electrocardiograms from the fibril-
lating auricles indicate the presence of many
ectopic foci.

The following experiments were performed
to determine whether or pot more than one
independent ectopic focus can be active in the
fibrillating auricle.

OpsenvAaTioN 8: FisriLLaTioN rroM Two
SuccessiveLy Probucep Foct

In each of three dogs, auricular fibrillation
was produced by application of aconitine to the
tip of the right auricle appendix. The pres-
ence of fibrillation was determined by continu-
ous electrocardiograms fiom an electrode at-
tached to the body of the right auricle. The
appendix containing the aconitine focus was
amputated, sinus rhythm was restored almost
immediately. A new aconitime focus was pro-
duced at the caudal tip of the body of the right
auricle and again auricular fibrillation super-
vened.

These results were duplicated in an experi-
ment wn which the first ectopic focus was frozen
After normal sinus rhythm returned, and with
the first focus still frozen, fibrillation was pro-
duced from an ectopic focus at a different site.

The electrocardiogiaphic appearance of the
acanitine-produced fibrillahon was the same
whether the focus was on the tip of the ap-
pendix, or at the caudal portion of the body of
the right auricle. Similarly it has been obscrved
repeatedly (Chapter XII) that the cinemato-
graphic appearance of the auricles during fibril-
Iation remains the same regardless of the site of

the focus of origin. Thuts, both cinematographic-
ally and electrocardiographically, fibrillation ap-
pears identical regardless of the location of the
experimentally produced ectopic focus. This is
in striking contrast to the slower rate arryth.
mias, in which each contraction and excitation
wave starts at the ectopic focus and travels
outward in all available directions.

The observation that the electrocardiographic
complexes and chaotic contractions of fibrilla-
tion disappear when the initiating focus is inac-
tivated and reappear when another focus is
produced establishes that these “waves”.are not
the product of impulses arising from multiple
foci which are independently discharging im-
pulses.

OpservaTioN 9 FIBRILLATION Fros Two
SizurTANEOUSLY Propucep Focr

Auricalar fibrillation was produced by plac-
ing aconitine on the tip of the right aurcufar
appendix; the auricle was photographed. Direct
auricular lead electrocardiograms were re-
corded throughout the evperiment. While the
bout of fibrillation from the tip of the right ap-
pendix was in progress, a second aconitine focus
was produced at the caudal border of the body
of the right auricle; again cinematographs were
taken. The original aconitine focus was then
removed by amputating the tip of the right au-
ricular appendix. The electrocardiograms re-
corded when cither focus or both foci were
present are identical (Figure 268). The cine-
matographs also are identical whether recorded
when one focus or both foci were present.

Thus the addition of a second ectopic focus
during a bout of fibrillation cid not affect the
cinematographic or electrocardiographic ap-
pearance of the arrhythmia. This observation 15
presented as strong evidence for the view that
the fibrillating auricles are not responsive to
additional stimuli.  Further support for this
view is provided by the fact that extrasystoles
are never seen in the clinical electrocardiogram
during fibrillation and cannot be expenimentally
produced in the fbnllating auricle by erther
mechanical or electrical stimulation.
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thought to exist (Chapter X111). The multih.:de
of chastic oscillations m the fibrillating auricle
must maintain 2 continuous bombardment of
the aunculo-ventricular node and under these
canditions one would expect an advanced de-
gree of decrement to oceur in the auricvlo-ven-
tricular pathway. It would therefore appear
that the degree of auriculo-ventricular block is
much greater than was hitherto beheved.

srieular fbrillation include increased .\'agal
tone, auricular distention, anavia, heart disease
and possibly advanced age. Ina significant pet-
centage of instances of clinical auricular fibril-
lation, none of these factors is discernible,
The mechanism by which auricular Bbrilla-
tion is perpetuated has been investigated. The
invalidity of the circus movement theery is

SUMMARY AND CONCLUSIONS

The events leading to the production of aurie-
ular fibriflation have been considered, Auricular
fibnillation ewmsts when the auricular rate
reaches a level at which the auricles are mcap-
able of conducting and contracting in an os-
derly monner as a unit. The auricular rate at
which this event takes place 1s termed the fbril-
lation threshold. Cinematographic and elec-
trocardiographic studies of the experimentally
produced t ion from lar flutter to
fbrllation show that failure of conduction in-
varably ocenrs before the increasing avricular
rate reaches the fibrillation threshold, This phe-
romenon 15 due to incomplete conduction re-
covery dunng the shortened dnastolic rest
penad at extremely apid ausiculor zates, The
fypothesis that auncular fibrdlation Tepresents
an advanced degree of conduction failure is
supported by the observation that the fibrill-
tion threshold 1s lowered by agents known to
decrease the conductvaty of the auricles and
rased by agents known to increase the condue-
tivity of the auricles.

Factors which predispose to the production of

d trated by raphic and oscillo-
graphic studies when combined with informa-
tion obtained from attempts to block the hypo-
thetical eircus path by buming, cutting, frecz-
ing or removing one auricle during expesiment-
ally produced bouts of fibrillation. Cinemato-
g ‘L. "1 and elect 1 " 2 "}', the
appearance of auricular Bbrillation is independ-
ent of the site of the ectopic focus and is
identical whether one or two experimentally
produced foci are present on the auricle, The
conclusion is drawn that auricular fibrillation
originates from and is perpetuated by a single
ectopie forus,

The location of the ectopic focus of auricular
fibrllation in a small scries of patients has been
determined. In the majority of instances the
foeus was low in the auricles.

The irregular ventricular response during au-
sieular fibrilfation may be accounted for by the
oceurrence of decremental conduction in the
auriculo-ventricular conducting system. Oscil-
lographic studies indicate that the degree of
auriculo-ventricular block in auricular Bbrilla.

tion Is many times greater th
ater than was former
assumed, ey
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A B

AFTER QUINIDINE

BEFORE QUINIDINE

Figure 269 (A) Auncular fibnllahon m patient before
quinidine,

(B) Conversion of auncular fibnllation to flutter after
the patient was given quimdine, The P’ waves are inverted
m leads 2 and 3, n this mstance, therefore, the ectopic

focus is low in the auncle

auricles. In the remaining 6 patients the focus
was found to be high in the auricles, (Figures
269 and 270).

The majority of instances of clinical flutter
have been found to arise from a focus low in
the auncles (Chapter IX). This fact, coupled
with the above observation on the site of origin
of clinical fibrillation, suggests that foci low in
the auricles have a tendency to discharge at a

A
BEFORE QUINIDINE

more rapid rate than those in the cephalic re-
gion. Whether flutter or fibrillation develops
would depend upon the rate at which the ec-
topic focus is discharging and the conductivity
of the auricular myocardium.

VENTRICULAR RESPONSE IN AURICULAR
FIBRILLATION

Among the more widely accepted explana-
tions of the irregular ventricular response in
auricular fibrillation is that originally proposed
by Lewis, namely, that the auriculo-ventricular
node is stimulated by the highly irregular
daughter waves initiating from a main circus
path. These impulses were believed to occur
at rates near 600 per minute. Since the present
study establishes that neither a circus move-
ment nor daughter waves exist, this explana-
tion is no longer tenable.

Lewis and Masters,* in a later study of au-
riculo-ventricular conduction, found that irregu-
lar and unpredictable ventricular responses
often occur during rhythmic stimulation of the
auricle at rapid pre-fibrillatory rates. This phe-
nomenon was attributed to the occurrence of
decremental conduction within the auriculo-
ventricular conducting system. Direct auricu-
lar lead oscillograms indicate that the rate and
complexity of the electrical activity of auricular
fibrillation is much greater than was previously

B
AFTER QUINIDINE
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Figure 270.

(B) Comversion of auricular fibnllation to flutter
The P’ waves are upnight in leads 2 and 3, therefore,
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(A) Auncular fibnllation in patient before qumdine
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following admmistration of quindine.
the focus 1s high in the auncle.
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Figure 271 Example of Hutter with yentncular aberration
produced experimentally m the dog by means of local ap-
pheation of acombine, The QRS 15 markedly smeglar 1n
bath time and shape All auncular completes are identical
except when distorted by ventricular compleves,

FLUTTER WITH CONSTANT REGULAR
AURICULO-VENTRICULAR BLOCK

The vast majonty of clinical and experimen-
tally produced instances of futter exhibit con-
stant regular aunculo-ventrienlar block, Fig-
ures 2724 and B exemplify this classic ar “pure”

217

type of flutter in man, The QRS complcxcs' bear
2 constant thythmic relationship to the avricular
deflections; usually there is 2:1 auriculo-ven-
tricular block although occasionally the block
is of highes degree {4:Lor greater). Two cl\am.&
teristics of the ventricular response are consis-
tently present n this classic type: (1) all
QRS complexes originate at corresponding
points on the auricular complexes; and (2) all
QRS complexes in a given lead are identical.
The latter «i probably depend
upon the former; as noted later, in the variety
of flutter with irregular auriculo-ventricular
block the variation in the shape of the QRS
complexes is uniformly™associated with varia-
tions in their site of ongin on the auricular com-
pleves.

FLUTTER WITH VARYING REGULAR
AURICULO-VENTRICULAR BLOCK

This relatively rare type of auricular flutter
is essentially similar to the classic type de-
scribed above. Here also, the QRS compleyes
are all similar in amphtude and configuration
and they all originate at corresponding points
on the auricular deflection. The only difference

AURIGULAR FLUTTER (2:1) )
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CHAPTER XV

Ventricular Aberration in the Aurnicular Arrhythmias

With Preliminary Obscrvations on the
Wolff-Parkinson-White Syndrome

Vexrricurar aberration oceurs in all the au-
ricular arthythmias but is more common in the
auricular premature systoles, flutter and fibril-

Iation.

VENTRICULAR RESPONSE IN AURICULAR
FLUTTER

For many years cardiologists have been
troubled by an electrocardiographic pattern,
frequently encountered climcally, consisting of
auricular complexes similar to those of the
classic flutter electrocardiogram, but m which
the QRS complexes are irregular 1 time and
aberrant in shape. Because of the gtoss irregu-
larity of the ventricular response, a knship to
fibrillation was assumed or suspected and such
“descriptive” terms as “Hutter-fibrillation™ and
“coarse fibrillation” are often applied to the
arthythmia. Other clectrocardiographers, recog-
nizing the presence of a basic “flutter” mech-
anistn, designated the pattern “impure Butter.”
The combination of typical flutter undulations
with aberrant ventricular complexes was ob-
served by Lewis in animals and in man, because
the tracings exhibited features of both flutter
and fibrillation, he interpreted them as repre-
senting ar intermediate stage behween these
two arrhythmias. This type of electrocardio-
graphic pattern influenced Lewis’ hypothesis
of the mechanism of auncular flutter and auric-
ular fibrillation.

The confusion which prevails among electro-
cardiographers concerning the recognition and

designation of this peculiar pattern is witnessed
in hospital records and in leading textbooks.2
H8. 8t Furthermore, frequently we have seen
an interpreter describe some leads of an elec-
trocardiogram as “impure flutter” and other
leads of the same tracing as “fibrillation.” Such
errors in interpretation often are due to differ-
ences in voltage of the auricular deflections in
variaus leads. We have observed many tracings
in which the amplitude of the auricular deflec-
tion was so low that the characteristics of flutter
wete jndistinct and the tracing was read as
fibrillation. YWhen such tracings are subjected to
close examination or when the voltage of the
electrocardiogram is increased, the QRS com-
plexes appear completely irregular in shape and
time while the P’ waves are seen to occur at a
regular rate and 1n each lead are wmniform in
shape.

In the present study, auricular flutter was
produced in 40 dogs by means of acomtine ap-
plieation or electric stimulation (Appendix).
The electracardiograms recorded during these
experiments included numerous examples of
ventricalar aberration identical with that de-
scribed above. One evample of ventricular
aberration showing irregular R-R intervals is
illustrated in Figure 271,

On the basis of experimental observations to-
gether with extensive clinical data, we have dis-
tingmshed three types of ventricular response
in auricular flutter. (1) constant regular auric-
ulo-ventricular block; (2) varying regular au-
riculo-ventricular block, and (3) irregular
auriculo-ventricular block and aberrant ventri-
cular complexes. A description of each of these
patterns follows.

(276]
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FLUTTER WITH CONSTANT REGULAR
AURICULO-VENTRICULAR BLOCK

The vast majority of clinical and experimen-
tally produced instances of flutter exhibit con-
stant regular aunculo~entneular block  Fig-
wres 2724 and B exemplify this classic or “pure”
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type of flutter in man. The QRS complc&cs‘ bear
a constant rhythmic relationship to the auricular
deflections; usually there is 2:1 auriculo-ven-
tricular block although occasionally the block
is of higher degree {4-1 or greater). Two charac-
teristics of the ventricular response are consis-
tently present in this classic type: (1) all
QRS compleves origmate at corresponding
pomts on the auricular complees; and (2) all
QRS complexes in a gven lead are identical.
The latter circumstance probably depends
upon the former; as noted later, in the variety
of flutter with irregular auriculo-ventricular
block the variation in the shape of the QRS
completes 15 uniformly*associated with varia-
tions in their site of origin on the avricular com-~
plexes.

FLUTTER WITH VARYING REGULAR
AURICULO-VENTRICULAR BLOCK
This relatively rare type of auricular flutter
is essentially simdar to the classic type de-
seribed above. Here alsa, the QRS complexes
are all simular in amplitude and configuration
and they all originate at corresponding points
on the auncular deflection. The only difference
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AURICULAR FLUTTER WITH VARYING REGULAR A.V BLOCK

Elcctrocardiogram from a patient shawing

Figure 273.

cansists of a constant variation in the degree of
block oceurring in the same record (Figure
273). In all instances a simple mathematical
relationship exists between the auricular defec-
tions and ventricular responses. This type may
bear a superficial resemblance to the “impure”
variety but can be distinguished readily by the
uniform shape and origin of the ventricular
complexes. The varying degree of block prob-
ably is due to varying vagal tone.

FLUTTER WITH IRREGULAR AURICULO-
VENTRICULAR BLOCK AND
ABERRANT VENTRICULAR COMPLEXES

The third type of ventricular complex ob-
served in our study is irregular 1n rate and vari-
able in configuration. As previously noted, this
pattern heretofore has been termed “impure flut-
ter,” or “futter-fibrillation.” These names are
misleading, as the auricular deflections associ-
ated with the irregular ventricular response are
identical with those in the classic flutter electro-
cardiogram. To avoid further confusion in ter-
minology, therefore, it is suggested that the
term “auricular flutter with ventricular aberra-
tion” be adopted as a suitable designation for
this pattern. Terms such as “impure flutter” and
“Autter-fibrdlation” could then be elimnated
from the nomenclature.

Careful study of electrocardiograms of spon-
taneous and experimental auricular flutter with
ventricular aberration reveal the constant pres-
ence of several characteristics:

(1) Those QRS complexes which arise from
corresponding points on the auricular com-
plexes are uniform in shape and amplitude. Al

varying regular block. In this instance the degree of block
alternates between 8:1 and 4.1

QRS complexes arising from the same part of
the P’ waves are identical and all those arising
from corresponding points on the Ta waves are
identical (Figure 274).

(2) The ventricular responses occur at an
irregular rate, that is, the time intervals between
the inscription of ventricular complexes bear no
simple mathematical relation to one another.
Hence the auriculo-ventnicular block cannot be
described as 2:1, 3:1 ete. (Figure 275). One un-
usual varjation of this type is seen in Figure
276 in which the changes in the PR and the
Q-Q intervals are cyclic.

(8) The QRS complexes vary in shape.
Sometimes the QRS complexes are so broad
that they suggest a diagnosis of ventricular pre-
mature systoles, bundle branch block or idio-
ventricular thythm. In no instance has a uni-
form relationship between the degree of QRS
aberration and the length of the precedmg
period of diastole been noted. The variation m
configuration of the QRS complexes may be
more apparent m some leads than in others
(Figure 275).

(4) The QRS complexes onginate at dif-
{erent locations on the P and Ta waves; that is,
the interval between the beginning of the au-
ricular cycle and the onset of the ventncul@'
response is variable (Figure 275). The vari-
ation of the P-R imtervals is sometumes of the
Wenckebach type, s woted by Langendorff
and his co-workers,*

(5) The auricular complexes occur at a regu-
lar rate and in a given lead they are um’for:n
wn configuration and amplitude (Figures 274
and 275). This regulanty in shape, size and
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Figure 274 Flutter with ventneular aberration m A, note that when ventncular compleves arise from

a patient Carefully compare the configuration of  corresponding porrts on the auncular complexes

the 1 pl In lead 2 the confy they have the same configuration. The same con-

tion of complex B 15 different from that of complex  clusions can be drawn nlgavdmg compleves C and
D in lead 3
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aba wuscul 1o pattern 1n fead 1 1 i ease krom lead 3 one might diagnose “coarse”
Bonlation Tn lead % the Rotter dofioetr mncsb:nsi;ljz f)l‘:enua\mn with morked veutneular aberration, No sym-

mathematical relationshup between the auricular and
ventncular complexes 13 apparcpt.
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i Q-Q= 052
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Figure 276, A pecular case of recurnng altermation of the

timing of the P' waves serves to differentiate
auricular flatter with ventricular aberration
from auricular fbrillation.

It should be emphasized that the vanations
of the QRS complexes cannot be entirely ex-
plained by an electrical summation of the au-
ricular and ventricular complexes.

The type of auricular flutter with ventricular
aberration may be present throughout a trac-
ing or it may alternate regularly or irregularly
with the classic type of flutter. These alterna-
tions occur in both human and experimental
subjects.

The observations described above are incon-
sistent with the view that this interesting elec-
trocardiographic pattern contains elements of
both flutter and fibrillation. The regular rate
and configuration of the auricular deflections
is diagnostic of tachycardia and inconsistent
with fibrillation.

CLINICAL CONSIDERATIONS

Classic instances of auricular flutter often are
diagnosed or suspected without the aid of an
electrocardiogram. Clinical recognition of ftut-
ter with aberration is not feasible because the
grossly jrregular ventricular response, the char-
acter of the heart sound, and the character of

0.64 048 058 052

064 0.48

R 4 - Q0
g

oz o8 ote

l |

QRS complexes m cycles of 4 beats. Such repetitne re-

sponses are rare,

the peripheral pulse so closely resemble those
of auricular fibrillation. The electrocardiogram
should render the diagnosis possible in most
instances. If the auricular deflections are too
small to permit positive identification of the
arrhythmia, special auricular lcads may be em-
ployed to increase the amplitude of the auric-
ular deflections. In many instances it is also
necessary to double the voltage on the electro-
cardiogram. The demonstration of regularly
spaced undulations of uniform configuration
will establish the diagnosis (Figure 277).
Flutter with ventricular aberration must be
differentiated from instances in which the car-
diac rhythm alternates rapidly between au-
ricular flutter and fibrillation (Chapter XIII}.
Clear records with large auncular deflections
facilitate the differentiation between these two
types of arthythmia. In those instances in
which the cardiac rate is at the fibrillation
threshold, the regular undulations of flutter
alternate with the jagged deflections of fibnlla-
tion® (Figure 278). In contradistinction, the
auricular deflections of all types of auricular
flutter are uniform and regular thioughout the

tracing (Fagures 271, 272, 273, and 274).

® [ the oscllogram tracings we have seen a few auncu-
lar beats just before the threshold that are somewhat
widened and distorted (Chapter XIV, Figure 248).
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of premature

it rep d the develoy
ventricular systoles. . .
Auricular flutter with ventricular aberration

Figure 277 Leads 1, 2 und 3 1y a patient simulate kbrilla-
ton Lead V, shows cleancut P’ waves at a mate of 300 per
minute The fow ammlivada af sy - - 220 o

th

Falure to differentiate Butter with 1entre-
ular aberration from flutter with ventricular
premature systoles may prevent proper thera.
peutic management, 1f the ventricular aberra-
tion simulating ventnieular ¥ systole

may ble complete heart block with idio-
ventricwlar rhythm. An cxample of comp]ct'e
heart block with idioventricular shythm is
shown in Figure 279,

Electrical alternans is casily misinterpreted
as flutter with ventricular aberration. The ex-
ample of ventricular aberration shown in Fig-
ure 280 is due to electrical alternans.

From 2 therapeutic standpoint, differentia-
tion between the classic type of auricular flutter
and the flutter exhibiting ventricular aberra.
tion 15 not important, The basic arthythmia is
the same in both instances and the treatment
is 1dentical,

CURREN™ -

MECHANISM '
TION IN THE ' !

Since ventricular aberration i the auricular
arthythmias probably involves some disturb-
ance of cardiac conduction, a brief review of
the generally accepted concept of the normal
conducting system is in order,

The auricular impulse onginating at the sing-
auricular node 15 transmitted through auricular
musclc; to the auriculo-ventrien)ar node. At the

appears in the electrocardiogram of o patient
under treatment with digitaks, the clinician
may consider the patient overdigitahized and
discontinue the drug  Further admnistration

er to the kind with
ventnicular block hut not if

ntricular node a considerably delay
is presumed to oceur, following whicl the im-
pulse is rapidly conducted down the bundle of
His and its branches on the endocardial surface
of the ventrcles 1o the terminal endings of the

conduction system (Purkinge fibers}, which are
m mtimate contact

ventricles receve th,

e impulse
without delay, 1. 12 7y

e position and nature of
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A

AURIGULAR FLUTTER
(wmq HEART BLOCK)

THE AURICULAR ARRHYTHMIAS

B

AURIC. FIBRILLATION
- (WITH HEART BLOCK)

LLPPPP
IRATE= 273 /Min.

Fignre 279 {A) Auncular flutter with complete heart
block

ELEGTRI GAL ALTE RNANS

’ 5 DAYS| LATER

(B) Comversion to fibnllation.

PEptptpin

P-R = 0.0

.10 - o.10

Figure 280 Electncal altemans 1n a patient wlth flutter. The P'-R mtenal 13

elect;

Such

must be

d from flutter with

constant

ventnicular aberration,

the auriculo-ventricular node and conducting
bundles are such that the electrical activity re-
corded from this area is due to septal depolar-
ization and does not represent the transmission
of the impulse down the bundle of His and its
branches. No direct method has been devised
to determme the times at which the impulse
departs from the auriculo-ventricular junction.

The prevailing concept that a delay occurs m
the aurculo-ventricular node 1s based upon
the studies of Lewis,* who recorded a lapse of
0.05 second between the time of arnval of the
excitation wave at the coronary sinus until it
was first recorded by his method in the ven-
tricle. From this data the present theory of
normal delay at the auriculo-ventricular node
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has evolved without further proof. It Is :b;
ious that Lewis' expertment showed only t ad
the delay takes place between the auricles ar}\l
ventricles; direct proof that it occurs at the
auriewlo-ventricular node is lacking.

Several theories have been advanced to e
plain the occurrence of ventricnlar :\be“akfm\
n the auriculay arthythmias, The exp‘an'amm
smost frequently offered is that the ventricular
aberration is due to fatigue of the conducting
systere. Considerable support {or this theory
has denved from the observation that the
shorter the R-P interval in auricular premature
systole, the greater is the ventricular aberra-
tion ¥ %5 On the other hand, the favalidity
of the theory is suggested by an examination of
tack iz and supertact fas with rates
up to 300 per minute. In these archythmias the
strain on the avnenlo-ventricular node, bundle
branches and ventricles is far greater than in
any of the auricular arthythmias such as auricu-
lar premature systoles, yet the ventncular com-
plexes may extubit a normal configuration over
a long pertad of time When aberration of the
ventrieular complexes does oceur, it appears
abruptly with the onset of the tachycardia and
persists unchanged throughout the paroxysm; at
the end of the episode, when fatigue of the con-
ductmg system should be at 2 maxymum, the
QRS and T complexes return to normal with the
first sunus beat. 1t would thus seem that fatigue
w the sense of tiring of the tissue of the con-
duction system cannot be considered the cause
of ventneudar aberration,

Anather theory attnbutes ventncular aberra-
tion to 2 supermposition of the auricular and
ventnicular completes We have found by actual
measurement that ventricular aberration in au-
neular futter cannot be explained entirely by
an algebraic summation of the aurwular and
ventricular deflections, Furthesmore, aberra-
ton of the ventrrenlar T wave could not be due
to supenmposthon

Changes in the ventricufar complexes dur-

g avncular tachyeardia patients with dis-
ease‘.l myocardum are due primarily to myo-
cardial 1schemia and are not related to the type

283

of ventricular aberration considgred il{ this
study. In patients with coronary msu(liclcnc)’;1
depression or elevation of the ST segments nfxl
snversion of T waves are often observed with
pouts of auricular pavovysmal tachycardia.
These changes usually oceur gradually in dam-
aged hearts but may begin with the ﬁrs! few
beats of a parovysm. Unlike the ventricular
aberration associated with awricwlar arrhyth-
mias in heasts with adeguate coronary circula-
tion, the ventricular changes in myocardhal
disease persist for some time after the tachy-
cardia has ceased ( post-tachycardia syndrome).
Similar abnormalitics may be seen 1 electrocar-
diograms from patients with myecardial discase
recorded during exercise. Normal hearts usu-
ally show none of these alterations during
tachycardia or exercise tests.

A relationship between ventricular aberration
and auricular rate is suggested by two constant
findmgs: (1) the degree of aberration varies
directly with the degree of prematurity of an
auncular premature systole; and (2) when the
P-Rintervals are the same, the ventricular com-
plexes are the same. Experimental studies by
Decherd and Ruskin on ventricular conductiv-
ity eeovery curves further support this view.¥*

It can be seen that present theories fail to
evplain adequately the phenomenon of veatri-
cular aberration  In order to elucidate this
problem, a study of the Wolff-Parkinson-White
syndrome is being undertaken in our laboratory.
Although to date only preliminary obser atians
have been made, the evidence already obtained
suggests a new hypothesis concerning the mech-
anism of the syndrome. In the following sec-

tions these observations and the hypothesis
derived from them are presented.

THE WOLFF-PARKINSON-WHITE
SYNDROME

Preliminary Obsercations
The characteristic elect d hi
i ographic ab-
x&ummlmes of the Wolff-Parkinson-White syn-
;or;:e are as follows: (1) variahle shortening
of the P-R interval, generally to 012 second
or less; (2) widening of the QRS comiplexes,
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p-R=0.I7 P-R=oo§
QRS=p 08 QRS=0.06

P-R=0.16
QRS:0.08

Figure 281, (A) Wolff-Parkinson-White compleves were cal operation on the lung in a patient with a nonnal heart,
produced by traction on the pulmonary artery dunng surgi- The P-R nterval decreased wath tracttan. There 1s no
change in the heart rate.
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Figure 281 (B) Electrocardiogram recorded dunng traction on the left auricular appentiix
in a patient The ventncular compleses resemble those of the Volfl-Parkmson-\Vinte syndrome
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MECHANICAL STIMULATION ON
BODY OF RIGHT VENTRIGLE

AP ENEarE BN AN
(1A RMERRELURRURPN
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E= CTTEES
aurtcuLar E4 281 E N
LEAD LRSS PRV LN NI P T L A
P-Ry Q12 .07 0.0¢ o2
QRS 0.05 o0? 007 o203
Figure 282 Mechanseal stsmulation on the body of the

nght ventncle 1 a dog Note the run of four \c:\mmhr
beats bl Wollf-Park '

rletes
generally to 0.10 second or more; (8) variation
in the direction of the QRS complexes so that
left or right avs deviation may occur; (4)
changes m the ST segment and T waves; and
(5) the frequent presence of auricular parotys-
mal tachycardia and probably other arthyth.
muas. The mechanism underlymg this syndrome
has aroused such extensive speculation that ex-
tenswve classifications of the many theones have
been formulateg 3 41

During the course of our experimental studses
of the auricular arthythmuas, complexes exhibit-
g all the electmcardiogmpluc features of the
WollE-Parkinson- White syndrome  were pro-
duced frequently under o wide varicty of congj.
tons We have recorded such a pattern from
human sufyects dnning surgical procedures in
the chest In ane batient short runs of Wolff.
Parkinson-Whte aberration  were produced

whenever the Surgeon put traction on the pul-
monary artery, y

pon release of traction the
ventricular complexes mmediately returned to
normal (Figure 2BlA). In another mstance,
when the surgeon tugged on the Jeft auricular
appendix occasiona) aberrant beats with short
P-R tatervals were inscrihed (Figure 281B).
Consxdcnng the cirenmstances under which
\\'nlﬁ-Pmkmscn-\vhite Patterns were obtained
their occwrrence could noy be clearly exp]nme(i

¢ of the mech-
by any previously advanced theory o ;
nr)xismyo}; the syndrome. Therefore, e'q.)cnmcnt:\l
investigation of the problem was instituted,

: P 10N OF

OsservaTioN 1: Provver:
Worrr-Parkivsox-Wiire CoA\xru':sz n

MECIANICAL STIMULATION OF THE. VENTNCLES

Mechanical Trritation of the Epicardial Sur.
face of the Ventricles: Irritation of the ven-
tricles of the dog with a wooden applicator
usually produced ventricular premature beats
or “runs” of ventricular tachycardia. By careful
manipulation, however, short episodes of Wolff-
Parkinson-White aberration were obtained at
frequent intervals in almost every animal
studied (Figure 282). Long “runs” of Wolfi-
Parkinson-\White aberration svere not achieved
by this method. The type of aberrant QRS com-
pleves obtained varied with the site of stimula-
tion Al five types described by Burch ** could
be obtained. In cach of several dogs ventricular
complexes of vanons types were produced by
stimulating different parts of the ventricles,

Mechanical Irritation of the Endocardial Sur-
face of the Ventricles: In one experiment a
metal rod was pushed through the wall of the
tight auricle and inserted through the tricuspid
opening mto the right ventricle. The tip of the
0d was pressed firmly against the endocardial
sutface of the anterior wal} of the right ventri
cle about midway between the apex and the
base and about 1% inches from the septum.
Pressure with the rod was maintained for ap-
provimately 7% minutes, Throughout thys entire
perod 2 “nn” of alternating Wolff-Parkinson.
White and norma} Was recorded

h al complexes
(Figure 283) Wo]ff-l’arkinsomwhite complexes
in experimenty] animals

have Deen produced
by endocardia) stimulation during intracardiac
s,

catheterization of dog,
T?ris type of ahcm:\ting aberration s nat
lan infrequent clinica) finding. 13, so7, ;11 3ey We
x;l::e steeg Tecords of twe such instancc; in one
‘(’F ient the abnormnhty oceurred after exercise
ure 284) and 1 the other 1t devclopcd dar-
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Figure 283 Endocardial stimulation of the antenor wall
of the nght ventricle m a dog. Every other beat 1s a
Wolff-Parkinson-White complex  The shortenmng of the

ing tetany (Figure 285). A tracing from the
first patient recorded 16 months after the ap-
pearance of the alternating aberration exhibited
constant Wolff-Parkinson-White aberration

Cardiac Catheterization in Man: We have
have found a high percentage of Wolff-Parkin-
son-White complexes in  electrocardiograms
taken during intracardiac cathetenization in
man. Similar observations have been made by
Goldman, *** Kossman; 3 and Sodi Pallares %7
The endocardial stimulation by the catheter
during this procedure undoubtedly is similar
to the endocardial stimulation in experimental
amimals described above,*®?

P-R intervals 1s best seen m the direct auncular lead and
m lead AVF The durect lead from the surface of the feft
ventncle shows m the v !

compleves.

OpservaTiON 2: PRODUCTION OF
Worrr-ParsinsoN-WHITE COMPLEXES BY
CHEMICAL STIMULATION OF THE VENTRICLES

A weak solution of aconitine in benzene (ap-
proximately 0.05 per cent) was mired with
Janus Green dye and applied to a small area on
the epicardial surface of the ventricles, n no
instance was the stained area larger than 1
centimeter in diameter. Aberration exlubiting
the electrocardiographic charactenstics of the
Wolff-Parkinson-White syndrome frequently ap-
peared following application of the chemical
(Figure 286). As with mechanical imntation,
the direction of the major deflection of the QRS
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PATIENT IN TETANY

P-R*0.10 0.06
QRS*0.05 0.08

Figurc 285. Altemating Wolff-Parkinson-White complexes m a patient with

complexes varjed with the site of stimulation on
the ventricles. Stronger solutions of aconitine
or repeated application of weak solutions re-
sulted in ventricular premature beats, ventricu-
Iar tachycardia and ventricular fibrillation.
Occurrence of Auricular Paroxysmal Tachy-
cardia: In at Jeast three of 10 experiments, au-
ricular tachycardia developed following the ap-
plication of the aconitine and dye solution to
the ventricles. In none of these instances was
the stain seen on the auricles. In our experience,
spontaneous auricular tachycardia does not oc-
cur 1n dogs. Presumably, therefore, the stimula-
tion of the ventricular focus which caused the
Wolff-Parkinson-White aberration also pro-
duced the auricular tachycardia (Figure 287).
In other experiments we have produced auricu-
lar flutter and fibrillation under the same cir-
cumstances. These arrhythmias are known to

ACONITINE~ 0.05 % ON
BODY OF LEFT VENTRICLE
I

TR
3 AP AsiAS doHG
- T
' i A i
PP P P r P P ) P‘,
- .’:I A L " i lh i a3 !A‘
I
T R B
N
:::{s o1z 008 oos ooe
qRrRS* o003 por o.or o 03

Figwre 286, A run of five beats of Wolff-Parkinson-White
compleves following local application of a weak solution
of aconitine to the body of the Jeft ventncle.

o.12
0.08

0.06
oo

tetany.

NORMAL SINUS RHYTHM

Figure 287. Following the ap-
phcatron of acontine on the
ventrcles of a dog to produce
Wolff-Parkinson-\White syn-
drome, auricular paroxysmal
tachycardia also resulted

occur clinically m conjunction with the Wollf-
Parkinson-White syndrome.** The mechanism
by which auricular paroxysmal tachycardia oc-
curs from a ventricular focus is unknown.

It is of interest that during these experiments
all the electrocardiographic characteristics of
the Wolfi-Parkinson-White syndrome, including
the occurrence of auricular paroxysmal tachy-
cardia, were produced,

OnservaTioN 3: PropuctioN OF
\VoLrr-ParxixsoN-WHITE CoMPLEXES BY
INTRAVENOUS ADXMINISTRATION OF
Dicitarts CoMPOUNDS

Electrocardiograms were recorded continu-
ously while digitalis compounds were given
intravenously to dogs. In several instances aber-
ration similar to that of the Wolff-Parkinson-
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drninis-
White syndrome developed followmg admin
yration of the drug (Figure 288). This ?{t\c\mg
confirms similar cbservations made experiment-
ally by Linder in 1940 i

Qsservamos 4. Tie RoLE OF THE VENTRICOLAR
Inrrow TRACT

The hypothesis has been advanced that the
Wolff-Parkinson-White syndrome is due to an
irrtable ventricular focus which discharges pre-
maturely when the auricles forcibly eject blood
into the ventrices?* This hypothesis was tested
in the following manmer:

Left Inflow Tract: Simce the body of the left
auricle is noncontractile (Chapter I), normally
the left inflow tract 15 weak. The contractile Jeft
aunentar appendix was tied off near the base,
thus ehminating or markedly reducing the in-
flow into the left ventricle. Despite this pro-
cedure, Woll.Parkinson-White aberration could
be produced by chemical irritation of the left
ventricle w the same mauner as in Observa-
tion 2 {Figure 289},

Right Inflow Tract: By clamping the super-
1or and inferior venae cavae, the inflow tract of
the right ventncle was reduced to jnsignificant
proportions  In one instance Wolff-Parkinson-
White aberration appeared immediately after
the venae cavae were clamped {Figure 290).

Observation 4 cleasly shows that Wollf-Park-
wson-White aberration occurs despite complete
or partial elimination of the ventricular inflow
tract Thus the mechanical force of the inflow
tract does not act as a trigger mechanism which
causes premature discharge of a hypesirritable

ventticular focus 1 the Wolf-Parkinson-White
syndrome.

Qmmwmov 5 Retamve Isomence or

. WoLrF-PArKINSON-WRITE COMPLEXES AND
VENTRCULAR PREVATURE Systores ProbucED BY
VENTRICULAR STOMUTATION

Whether 2 Walff-Parkinson-White complex or

a premature ventriewlar systole resuhts from a
pr it )

1
P

the time during the non-refractory Seriod
cardiac eycle at which the abnormal re:

upon
of the
sponse
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ocowrs. A premature ventricular response oc;
curring during the period hetween the grcst o
the P wave and the onset of the QRS will proe
duce & Wolfl-Parkinson-White complex. This
pesiad generally occupies about 20 per cent of
the non-reftactory period at the cardiac rates
encountered clinically and in our experimental
studies. During the remainder of the non-re-
fractory period ~ from the end of the refractory
period to the inscription of the crest of the P
wave or about 60 per cent of the entire non-
refractory period —a premature ventricular res
sponse prodhtces a ventricular premature systole.
According to the law of chance, therefore, 1an-
dom stiraulation of the ventricles during the
cardiac cycle should prodnce Wolff-Parkinson-
White complexes and ventricular premature sys-
toles in a ratio of approximately 20 to 80 per
cent. A statistical analysis of the results of our
experiments, in which the ventricles were stimu-
lated at various times throughout the cardiae
cyele, has shown that Wollf-Parkinson-White
compleves and ventricufar premature systoles
were produced in a ratio of 48 per cent to 52
per cent.® These statistical findings are signi-

* The abuormal ventricular compleses recorded during
the experiments were counted as Jollows. Each Wolfi-
Parkinson-White complet preceded and followed by a2
narmal ventnculer complex was counted a3 1 WPW, Each
salated ventricular premature systole_ was counted a3
1 VPS. “Runs” of srntrcelar tac

hycardfa starting with 2

premature systole were counted as 1 “Runs” of

g.ol?g;xk\nwm\\“m;e }f;omplz-xes were counted a3 1 WPV,
e per cent of the “yund” of venin

o ey e of she wventncular tachycardia

18.P: -
ot L o e VI?\\', athinson-White compleses,

A strtar method wi
to determine the rddatne nadence of Wol&[’ut:szn\:‘-
White compleses an: o) systoles pro-
guced by intracard: v

e ¢ catheterzation fn a small

ga!\e“ts As shown i the Table, the observed rahﬁ:c}s)o:ll;
‘l‘lml\h and ammal studies was sigmficantly different than
the sabo predicted on the haws of the Lw of chanee,

Method of

Aconitine and heteriz
Stimulation Mechanigal cet ‘\5;;'4::.’;) ton
{Animaly)
Average Meant Rate 150
Ta;(a\ No  Abrormal .
esponses 1243
Observed Ratia: s
\;’i\sv 841 483 Bt 443
e PR 443
642 5%%
Expected Ratio, o s
WP 248 201
2 38 20%
VES 934 80%

153 80%
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ing adminis-
White syndrome developed following admin
fratson of the drug, (Figure 288). This ﬁ.ndmg
confirns simitar observations made experiment-
ally by Linder in 1840

Opstrvation 4+ THE ROLE OF THE VENTRICULAR
Inriow Taacy

The hypothesis has bheen advanced that the
Wol Parkinson-White syndrome is due to an
inritable ventsicular focus which discharges pre-
materely when the auricles fotcibly eject blood
ufo the ventricles ™ ‘This hypothesis was tested
in the following mannex:

Left Inflow Tract: Since the body of the left
auricle &5 noncontractile (Chapter 1), normally
the Jeft inflow tract 15 weak, The contractile left
auricufar appendix was tied off near the base,
Ay efiminating or markedly reducing the in-
Bow into the left ventricle. Despite this pro-
cedure, Wolff-Parkinson-Whute aberration could
be produced by chemical irritation of the left
ventricle §n the same manner as i QObserva-
tion 2 (Figure 259).

Right Iaflow Tract: By clamping the super-
ior and inferior venae cavae, the mflow tract of
the nght ventndle was reduced to msignificant
proportions. In one instance Wolff-Parkinson-
White aberration appeared immediately after
the venae cavae were claroped { Figure 200),

Ubservation 4 clearly shows that Wolff-Park-
inson-White aberration occurs despite 1

20%

occurs, A premature ventricular response oc;
curring Quring the period between the cvrcsl o
the P wave and the onset of the QRS will pro-
duce 3 Wolll-Parkinson-White complex. This
period generally accupies about 20 per cent of
the non-refractory period at the cardiac rates
encovntered elinfcally and in our cxperimental
studies. During the romainder of the non-re-
fractory period — from the end of the refsactory
period to the inscription of the crest of the P
wave or about 80 per cent of the entire non-
refractory period —a premature ventricular re-
sponse produees a ventricular premature systole.
According to the law of chanee, therefore, ran-
dom stimulation of the ventricles during the
cardiae eycte should produce Woll-Parkinson-
White complexes and ventricular premature sys-
toles m a ratio of approvimately 20 to 80 per
cent. A statistical analysis of the results of our
experiments, in which the ventricles were stimu-
lated at various times throughout the cardiac
cycle, has shown that Wolff-Packinson-\White
complexes and ventricular premature systoles
were produced in a ratio of 48 per cent to 52
per cent.® These statistical findings are signi-

* The abnommal veatriculor compleves recorded dunng
the esperiments were counted o3 foffows, Each Wolle
Parkinson-White complet preceded and ol by &
normal yentneular complex was counted as 1 WPW. Each
sofated  ventawular premature systole was counted as

1 VPS “Runs” of ventnewlsr tachiycardia starting with a
{a\r‘emsmu systole were counted as 1 VPS, “Runy” of
(e

or parttal elimination of the ventricular inflow
tract Thus the mechanical force of the inflow
tract does not act as a trigger mechanism which
causes premature discharge of a hyperirritable

veutneular focus m the Wolff-Parkinson-White
syndrome

OssenvaTion 5: Reranve INGencE or
WoLrr-PARKINGON-WITTE COMPLEXES AN
VENTRICULAR PREMATURE Systores Propucen vt
VENTRCULAR STIMULATION

Whether o Wolfi-Parlunson-White complex or
& premature ventncular systole results from 2
gremature ventricular response depends upon
the tire dustng the non-refractory period of the
cardue cyele at which the abnormal response

‘o -Park Whte were counted as 1 WFW,
Qver 50 pes cent of the “runs™ of ventneular tachycardia
:f\‘aned with 1 D:d mn}’; \‘)f:ULPaszson-\\’hite complexes,

ese wete counted as 1 WFW. A similar methy i
1o determine the relatrve wmox W e

dence of WollfFarkinson.
Whte S systoles rvn.
duced by mtracarding mathe o
peteats, A
hdman anc . ’
the ratio p = - wwss 01 the faw of chance,
#ethod of Aconitine and €,
h 2
Stimulation Mechanicol b 1(‘::3:)0 ton
{Animats)
Average Heart Rate 130
Tozt{q\ No. Abnormal ®
espomses 1243
Observed Ratsor w
\::\SV 601 433 8t 443
612 75%%
Emdc;l Ratio e
WEW 249 201
88 20%
vrs TR T TS

153 80%
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ficantly different from those predicted on the
basis of the law of chance and, if accurate, indi-
cate that the occurrence of Volff-Parkinson-
White complexes in our experiments represents
a fundamental physiologic phenomenon.

OsSERVATION 6: PRODUCTION OF
WoLrF-PARKINSON-WinTE COMPLEXES BY
StimuraTion witi Direct Evecrnican CurmenT

The Wolff-Parkinson-White complexes were
produced by non-interrupted direct current in
20 dogs. An insulated cathodal electrode was
inserted through a purse-string opening made
in either the right or left auricle and passed
through the respective auriculo-ventricular
valve until it was in contact with the endo-
cardial surface of the ventricle. With the stimu-
lating electrode in place, the current was turned
on and gradually increased while simultaneous
direct auricular, ventricular and selected limb
lead electrocardiograms were recorded. Sue-
cessful results were obtained most frequently
when the electrode was applied to the endo-
cardium at or near the apex of the right ven-
tricle.

With voltages ranging from 15 to 75 volts
and a current flow between 0.25 and 1.5 milli-
amperes, the following results were obtained:
(1) In each of 8 dogs continuous runs of Wolff-
Parkinson-White complexes were produced.
These persisted until the strength of the stimu-
lating current was altered (Figures 291A and
B). (2) In 10 dogs, runs of single Wollf-Parkin-
son-White complexes alternating with normal
ones were obtained which persisted as long as
the stimulation was continued. (3) Cyclie runs
of multiple Wolff-Parkinson-White complexes,
alternating with runs of normal complexes, were
obtained in at least five dogs.

When the stimulating current was increased
(80 to 125 volts; 2 to 3 milliamperes), runs of
Wolff-Parkinson-White complexes were ob-
tained that passed into ventricular tachycardia.
Weak stimulation with direct current occasion-
ally produced Wolff-Parkinson-White com-
plexes with only slight changes in the P-R
interval and the QRS complexes in the direct

auricular and ventricular leads and no change
in the limb leads.®

That the ventricles, in these experiments,
were being driven by the auricles was demon-
strated in the following manner, When typical
complexes were produced by electrical stimula-
tion, the heart rate could be increased or slowed
by artificially changing the temperature of the
§-A node. The abnormal ventricular response
continued to follow the auricular complex, thus
ruling out the presence of idioventricular rhy-
thm or ventricular tachyeardia,

In our experience, stimulation by non-inter-
rupted direct current is the best method for
initiating the Wolff-Parkinson-White syndrome
since by this method, (1) there is little distor-
tion of the record by the current, (2) the degree
of stimulation is more accurately controlled,
and (83) the tracings are similar to those of hu-
man subjects.

OssenvaTioN 7: RoLE oF Noryar A-V
CoxpuctioN 1N THE PATHOGENESS OF
Worrr-Parkinson-Wirre CoMpLEXES

Indirect evidence has been given (Observa-
tions 1-6) that the Wolff-Parkinson-White com-
plexes do not result from conduction through
anomalous A-V connections. The impulse would
therefore seem to travel in some abnormal man-
ner over the normal conduction system. In
order to obtain direct proof the following ex-
periment was performed.

In each of seven dogs, runs of Wolff-Parkin-
son-White complexes were produced by direct
current simulation as in Observation 6. A small
ball-tipped cautery, inserted through a second
purse-string opemng in the nght auricle and
passed through the tncuspid valve, was used
to sever the bundle of His Complete heart
block resulted. Attempts were then made to
produce Wolff-Parkinson-White complexes in
exactly the same manner as before. In no in-

o1t s possible that clmical cases exhibiting minor elec-
d h b i are not d d as the
Wolff-Parkmson-White syndrome smce their only recogmzed
manifestation may be paroqysmal tachycardia  Cases ex-
tubiting the classteal electrocardiographic pattemn are prob-
ably welt marked examples of the synd , siIce
must be serere to be reflected mn ‘the hmb leads.
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did these complexes occur. Idioventricu-
ﬁ:’;fecats occurred but did not follow \h.e ® wave
except by chance (Figure 291C). This experi-
ment demonstrates that the \\'olﬂ-l’arktnson-
White complexes cannot be produced without
an intact bundle of Hi. 1 anomalous A-V
bundles transmitted the mpulse from the auri-
cles to the ventricles and were responsible for
{he abersant ventricular complexes, severing the
bundie of His should not have interfered with
the production of Wolff-Parkinson-White com-
plexes,

DISCUSSION

The theory has been advanced that prema-
ture excitation of the ventricles in the Wolff-
Parkinson-White syndrome 15 caused by a
short-eircuit of the auncular impulse along aber-
rant muscle bundles between the auncles and
ventricles ™ This concept has received strong
support as a result of the excellently conducted
expenments of Butterworth and Poindexter®"
% These workers picked up the auncular im-
pulse with a dueet lead, amplified it seseral
thousand tumes, and after a suitable selected
delay fed it mto the ventnicles, the resulting
electrocardiograms  exhibited typical Wolff-
Parkinson-White complexes. One cannot deny
that aunculo-ventnicular musenlar bridges such
as the bundle of Kent have been found in some
mstances of Wolff-Parkinson-White syndrome
as well as n patients without the syndrome ¥
*" The mere presence of these structures
does not prove that they conduct aberraut
mmpulses and  are responsible for Wolff-
Parhmnson-WWhite aberration A complete his-
tologic exammation of all the aunculo-ven-
tricular junctional tissve of a human heart
could eastty consume severa) months To fully
evaluate the reported bundles in some patients
exhnbiting the Wolf-Parkinson-White syndrome,
control studies would have to be done to es:
tabhsh that sumitar bundles are absent 1n normal
hearts  An wweshgation of this type sufficiently

densive to gre stat fly s results
would appear most formidable

On the other hand, the valuity of the theory
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of conduction through anomalous anatomical
pathways can be questioned in other ways. 1f
{he Wollf-Parkinson-White complexes were pro-
duced by transmission of the auricular impulse
over anomalous awricwlo-ventricular pathways,
the production of these complexes hy slimu}nt-
ing widely separated points in either ventricle
makes it necessary to assume that the anomal
ous bundles have connections with the ventricu-
Yar myocardinm as cxtensive as those of the
normal conduction system. Such connections
are not known to exist.

Having adduced evidence that conduction
over anomalous pathways was not responsible
for the Wolff-Parkinson-YWhite complexes, we
mterpreted our experimental results to mean
that conduction probably proceeded in some
abnormal manner over the normal pathways.
When this hypothesis was tested it was found
that Wolff-Parkinson-White complexes could
not be produced after the bundle of His was cut.
In other words, premature ventricular excitation
depended upon the intact normal conducting
system. Thus, the Wolfl-Parkinson-White syn-
drome may be properly considered a physio-
logic disturbance rather than an anatomic one,
just as aberration duning auricular arrythmias is
an obvious physiologic disturbance.

In order to determine just what this disturh-
ance is we must first consider certain features of
normal auri ventricular cond The ex~
perimental work on the subject to date does nat
fully explain where the delay 1 normal aurie-
ul(‘)‘venmcular conduction occurs. The difficulty
arises because there 1s no way of detecting the
impulse as it travels down the conduction sys-
tem. The excitation impulse {s known to pass
from the §-A node to the A-V node at such a
rate that auticular transmissioh accounts for s
very small part of the normal PR interval,
When the tume for fransmussion of the impulse
over the auricles has been taken into account
an unexplained interval exists before the first

elgctrocardiogmphic sign of ventricular depol.

arizabion. Most mvestigators today believe that

this portion of the P-R mterval, i the vesult of

slow tr ion of the impulse through the
t &
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A-V node. The impulse is then believed to be
rapidly conducted down the bundle of His, the
bundle branches, and the Purkinje system and
out to the ventricular musculature, where it
causes immediate depolarization,

An alternative theory of A-V conduction,
known as the “Latency Theory,” postulates that
the major part of the P-R interval does not
necessarily result from the slow passage of the
impulses through the A-V node, but rather from
a delay at the terminal endings of the Pur-
kinje system. After this peripheral delay has
been overcome ventricular depolarization then
oceuss.

Let us now consider the nature of the Wolff-
Parkinson-White syndrome in respect to the
above two theories. If the first of these is cor-
rect, the delay takes place at the A-V node.
Thus in our experiments a disturbance in a ven-
tricular focus must have caused the impulse to
be conducted more rapidly through the normal
node to the altered point. The disturbed area
thus depolarizes carly causing the P-R interval
to be shortened and the QRS complex to begin
prematurely. Depalarization of the rest of the
ventricles occurs after the usual A-V node delay.
The resulting QRS complex is widened and
distorted. This theory, suggested by athers in
the past, postulates that the bundle of His is a
complex structure consisting of many fibers
which go to separate parts of the Parkinje sys-
tem and ventricles. When a point in the ventri-
cle is altered under the conditions of our
experiments some type of antidromic disturb-
ance allows certain fibers to conduct the nor-
mal impulse at a rate more rapid than normal.
The resulting electrocardiographic pattern de-
pends upon which site of the ventricular myo-
cardium is depolarized prematurely. This would
explain the wide variety of patterns encount-
cred. Since the A-V node lies partly in the
auricle, it is concevable that the antidromic
disturbance is in some manner related to the
occurrence of auricular paroxysmal tachycardia

Let us now consider the Wolff-Parkinson-
White syndrome if the second theary of A-V
conduction is correct. This theory postulates
that the normal delay in A-V conduction is at

the periphery. The stimulated point in the ven-
tricle shortens the delay allowing premature ex-
citation at that point, Since the area becomes
excited immediately upon or shortly after ar-
rival of the impulse the QRS complex begins
prematurely and the P-R interval js shortened
proportionately. The configuration of the QRS
complex and the degree of shortening of the
P-R interval are determined by the location of
the sensitive site and the degree of prematurity
of depolarization, The resulting beat is thus a
product of varying proportions of premature
and normal ventricular excitation.

The exact mechanism of the Wolff-Parkinson-
White syndrome and the ventricular aberration
in the auncular arthythmias cannot be deter-
mined at present. Direct evidence conceming
what actually takes place is difficult to obtain
because the normally conducted A-V impulse
cannot be measured. The currents that are ob-
tained over the right septal region are due to
septal depolarization and not to the conduction
of the impulse through the bundle of His and
its branches Until the nature of normal A-V
conduction is completely understood we can
only speculate on the nature of ventricular aber-
ration associated with the Wolff-Parkinson-
White syndrome.*®

If our observations can be applied clinically
one might prophesy that if a patient exhibiting
the VWolff-Parkinson-White syndrome has inter-
ruption of the bundle of His, as for instance
after myocardial infarction, it would result
in the disappearance of this syndrome Ths,
of course, would be final proof that the
mechamsm of chnical Wolff-Parkinson-White
syndrome is identical with that produced
in our experiments On the other hand jf the
aberrant A-V bundle theory is correct, interrup-
tion of the bundle of His by disease should not
produce complete heart block and should, in
fact, make the Wolff-Parkinson-White com-
pleves more bizarre, smce the entire activation

© Subsequent cxpenments 1n this laboratory have demon-~
strated that the nommal delay takes place at the A-\' node.
Eudence has been presented that m the Wolf-Parkinson-
\White syndrome and entneular aberration, the normal de-
lay has been overcome. The essential disturbance would
appeat to be accelernted conduction through the A-V node
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of the ventnicles should take place through the
aberrant A-V pathway.

The ventncular aberration characteristic of
the syndrome exhibits many simlanities to that
seen m the auricular arthythmias (1) the QRS
complex 15 distorted or widened, (2) the shape
of the QRS complex 1s directly related to the
length of the P-R or P-R interval, (3) many
patterns of aberration may occur, (4) the T
waves are altered, and (5) when complete
heart block 1s present no ventnicular aberration
casts The last observation 15 supported by 6
cases of flutter with complete heart block in
which no ventricwlar aberration was noted
{Figures 128, 133, and 149)

We have observed that shortening of the
P-R mterval may occasionally occur in bundle-

2)s arc 018 second. The narrower and sharper

221 4 DR dntenals which have

aatients exhubited

\ . . (From Wilham

Dressler Am Hl 1, 2,400, tuuiwesy v 3 Vo Mosby Co,
St. Louis )

branch block. We have seen electrocardiograms
showing normal and bundle-branch block com-
plexes alternating in rapid sequence in which
the P-R intervals occasionally were shortened
during the block. Similar shortening of the
PR interval has been observed in partial
bundle-branch block {Figure 292).

The simlarities between Wolff-Parkinson-
Whute aberration and the ventricular aberration
associated with the auricular arrhythmias, with
alternating bundle-branch block and with cer-
tain intraventricular blacks suggest the exist-
ence of a broad general principle of ventnicular
aberration apphicable ta all these and possibly
other disorders. It 1s apparent that much is yet
to be learned concerming the conduction sys-
tem, that the prevailing theories of normal au-



294

THE AURICULAR ARRHYTHMIAS

A-V node. The impulse is then believed to be
rapidly conducted down the bundle of His, the
bundle branches, and the Purkinje system and
out to the ventricular musculature, where it
causes immediate depolarization,

An alternative theory of A-V conduction,
known as the “Latency Theory,” postulates that
the major part of the P-R interval does not
necessarily result from the slow passage of the
impulses through the A-V node, but rather from
a delay at the terminal endings of the Pur-
kinje system. After this peripheral delay has
been overcome ventricular depolarization then
occurs.

Let us now consider the nature of the Wolfl-
Parkinson-White syndrome in respect to the
above two theories. If the first of these is cor-
rect, the delay takes place at the A-V node.
Thus in our experiments a disturbance in a ven-
tricular focus must have caused the impulse to
be conducted more rapidly through the normal
node to the altered point. The disturbed area
thus depolarizes early causing the P-R interval
to be shortened and the QRS complex to begin
prematurely. Depolarization of the rest of the
ventricles oceurs after the usual A-V node delay.
The resulting QRS complex is widened and
distorted. This theory, suggested by others n
the past, postulates that the bundle of His is a
complex structure consisting of many fibers
which go to separate parts of the Purkinje sys-
tem and ventricles. When a point in the ventri-
cle is altered under the conditions of our
experiments some type of antidromic disturb-
ance allows certain fibers to conduct the nor-
mal impulse at a rate more rapid than normal.
The resulting electrocardiographic pattern de-
pends upon which site of the ventricular myo-

cardium is depolarized prematurely. This would
explain the wide variety of patterns encount-
ered. Since the A-V node lies partly in the
auricle, it is conceivable that the antidromic
disturbance is in some manner related to the
oceurrence of auricular paroxysmal tachycardia.

Let us now consider the Wolff-Parkinson-
White syndrome if the second theory of A-V
conduction is correct This theory postulates
that the normal delay in A-V conduction is at

th.e periphery. The stimulated point in the ven-
tricle shortens the delay allowing premature ex-
citation at that point. Since the area becomes
e.vciled immediately upon or shortly after ar-
rival of the impulse the QRS complex begins
prematurely and the P-R interval is shortened
proportionately. The configuration of the QRS
complex and the degree of shortening of the
P-R interval are determined by the location of
the sensitive site and the degree of prematurity
of depolarization. The resulting beat is thus a
product of varying proportions of premature
and normal ventricular excitation.

The exact mechanism of the Wolff-Parkinson-
White syndrome and the ventricular aberration
in the awricular arrhythmias cannot be deter-
mined at present. Direct evidence conceming
what actually takes place is difficult to obtain
because the normally conducted A-V impulse
cannot be measured. The currents that are ob-
tamned over the right septal region are due to
septal depolarization and not to the conduction
of the impulse through the bundle of His and
its branches. Until the nature of normal A-V
conduction is completely understood we can
only speculate on the nature of ventricular aber-
ration associated with the Wolff-Parkinson-
White syndrome.®

If our observations can be applied clinically
one might prophesy that if a patient exhibiting
the VWolff-Parkinson-White syndrome has inter-
ruption of the bundle of His, as for instance
after myocardial infarction, it would result
in the disappearance of this syndrome. This,
of course, would be final proof that the
mechamsm of clinical Wolff-Parkmson-White
syndrome is identical with that produced
in our experiments. On the other hand if the
aberrant A-V bundle theory is correct, interrup-
tion of the bundle of His by disease should not
produce complete heart block and should, in
fact, make the IVolff-Parkinson-White com-
plexes more bizarre, since the entire activation

® Sybseq! e m ths lab ry have demon-
strated that the normal delay takes place at the A-V node
Evidence has been presented that m the Wolll-Parknson-
White syndrome and ventncular aberration, the nonnal de-

Isy has been overcome The essential disturbance would
appear to be accelerated conduction through the A-V node.
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ing :dl the criteria of the Wolff-Parkinson-White

could be rep d by stimulation
of ventricular foci far removed from the auric-
ulo-ventricular node further establishes the fact
that the syndrome 1s not caused hy conduction
via an aberrant auriculo-ventricular muscle
bundle.

Until more information concerning the nor-
mal conduction system is known the true nature
of ventricular aberration in the auricular ar-
thythmias, the Wolff-Parkinson-White syn-
drome and other cardiac disorders will be
purely speculative,
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riculo-ventricular conduction and of the Wolff-
Parkinson-White syndrome are as yet unproven,
and that the theories suggested by our prelimin-
ary observations must be subjected to more
critical examination than has been done in this
present study. Ultimately, complete under-
standing of ventricular aberration will depend
upon the clarification of the normal conduction
mechanism of the heart.

SUMMARY AND CONCLUSION

The ventricular response associated with ex-
perimentally produced auricular flutter in the
dog and the spontaneously accurring disease in
man has been studied. Three types of ventri-
cular response in auricular flutter are distin-
guished: (1) constant, regular auriculo-ventri-
cular block (classic type), (2) varying regular
auriculo-ventricalar block, and (8) irregular
auriculo-ventricular block with aberrant ventri-
cular complexes. Since the auricular deflections
of these three types are identical, the common
practice of referring to the third type as “im-
pure flutter,” “flutter-fibrillation” or “coarse
fibrillation” is misleading. The term “auricular
flutter with ventricular aberration” 15 suggested
as a more suitable designation for this pattern.

The QRS complexes of auricular flutter with
ventricular aberration occur at an irregular
rate, vary in configuration and originate at
various sites on the auricular deflections. QRS
complexes which originate at corresponding
sites on the auricular deflections are identical
Alternations between regular auriculo-ventric-
ular aberration may occur in a single electro-
cardiogram.

Auricular flutter with ventricular abenation
is differentiated from auricular fibrillation by
the presence of regularly spaced auricular de-
flections 1n the electrocardiogram. Special au-
ricular leads or doubling of the voltage on the
electrocardiogram may be necessary to obtain
auricular deflections of sufficient amplitude to
permit definite differentiation. Other electro-
cardiographic patterns which resemble auricu-
lar flutter with ventnicular aberration mclude
auricular flutter with ventricular premature sys-

toles, complete heart block with idioventricular
rhythm, and auricular flutter with electrical
alternans.

Prevailing theories concerning the mechan-
ism of normal auriculo-ventricular conduction
and of ventricular aberration jn the auricular
arthythmias are based on indirect and incon-
clusive evidence. Aberration in auricular flutter
takes place through the normal conduction sys-
tem since it is not present when complete heart
block exists.

In a preliminary series of experiments, short
episodes of ventricular aberration exhibiting all
the electrocardiographic features of the Wolff-
Parkinson-White syndrome have been produced
in dogs by mechanical and chemical stimulation
of multiple sites on the ventricles, by direct,
non-interrupted cathodal current applied to the
ventricular endocardium, by intravenous ad-
mimistration of digitalis, and by clamping the
venae cavae. Occasional Wolff-Parkinson-
White complexes also were obtained by epr-
cardial stimulation. The records obtained by
stimulation with direct current proved most
advantageous for the purposes of study. Wolff-
Parkinson-White complexes were produced for-
tuitously in man during surgical procedures in
the chest by tugging on the pulmonary artery or
the left auricular appendix. Wolff-Parkinson-
White aberration was obtained by mechamcal
stimulation of the ventricles after drastic reduc-
tion or elimination of the left and right ventri-
cular inflow tracts, indicating that the mech-
anical force of the inflow tract does not precipi-
tate the premature ventricular response in the
syndrome by setting off an imtable ventricular
focus.

In 7 consecutive experiments the Wolff-Park-
inson-White complexes produced by cathodal
endocardial stimulation was eliminated when
the bundle of His was severed producing com-
plete heart block. This clearly demonstrates that
the Wolff-Parkinson-White syndrome m ouf
experiments resulted from abnormal conduction
through the normal conducting system and not
through anomalous A-V pathways. The observa-
tion that an electrocardiographic pattern fulfill-
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CHAPTER XVI

Pharmacologic Considerations in the Auricular Arthythmias

Prevame concepts of the mechanism of ac-
tion of drugs elfective in terminating auricular
flutter and fibrillation are based primarily on
the circus movement theory. The drugs are pre-
sumed to abolish the “excitable gap” in the cir-
cus pathway which, according to the theory, is
present during flutter or fibrillation. The effect
of therapeutic agents in auricular paroxysmal
tachycardia is attributed to a similar mechanism
by thase workers who believe that tachycardias
also involve a circus movement
Since the observations reported in this mono-
graph indicate that the circus movement theory
is untenable, a re-evaluation of the action of
anti-arrhythmic agents is required. A thorough
mvestigation of the pharmacologic action of
these agents is beyond the scope of the present
study. Nevertheless, the pertinent hiterature has
been reviewed and several cinematographic,
electrocardiographic and oscillographic obser-
vations have been made in an effort to achieve
a new concept of the mode of action of the two
most commonly used anti-arthythmic agents,
quinidine and digitahs. Pending further eluci-
dation of the complex problems mvolved, this
matertal is discussed in the present chapter 1n
the hope that it will prove of interest to persons
especially concerned with the pharmacologic
aspects of therapy. Since much of the phar-
macologic discusston 1s of a technical nature
and not essential to an understanding of prac-
tical therapy, all material of chnical mterest has
been included 1n the summary at the end of the
chapter for the benefit of the general reader.
Practical aspects of the therapy of the auricular
arrhythmias are discussed in Chapter XVIIL

COURSE OF EVENTS IN THE
CARDIAC CYCLE

The physiologic events of the cardiac cycle
taking place after direct stimulation of the heart
are dependent on the excitability, conductivity
and contractility of heart muscle. A state of
excitability exists immediately following the
absolute refractory period and prevails until
the end of the cardiac cycle, The threshold of
auricular excitability gradually falls from a
maximum at the onset of the exictable phase
to a level which remains fairly constant for the
remainder of the cycle ( Figure 293). The inter-
val between the end of the absolute refractory
period and the Jeveling off of the threshold of
auricular excitability has been arbitrarily de-
fined as the relative refractory period; the
strength of the stimulating current sequired to
excite the muscle declines throughout the rela-
tive refractory period and reaches a minimum at
its termmation. When the cardiac cycle is
extremely short, as occurs at very rapid cardiac
sates, the threshold of excitability fails to reach
a constant level and the relative refractory
period persists until the onset of the succeeding
cycle. During the absolute refractory penod
1o stimulating current, regardless of its strength,
evokes a response.

When the heart responds to a stimulus, ex-
citation, conduction and contraction normally
follow. Conduction is said to take place when
the excitation and contraction waves spread
across the heart. The fact has long been known
that the rate of conduction is slowed when the
cardiac cycle is shortened by premature stimu-
lation as in premature systole, or by rapid stimu-

{298]
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may take place under the stimulating electrode
with little or no conduction of the excitatory
process to the distal electrode, this method is
unsatisfactory for determining the end of the
absolute refractory period. It was found that
the results obtained were particularly inaccu-
rate when conduction recovery was delayed
by drugs or other factors.

An alternative method which avoids these
diffienlties was devised by Love ** who used an
ingenious stimulator which permits determina-
tion of the end of the absolute refractory period
without the error introduced by decremental
conduction.® By this method, excitation is
demonstrated to have taken place by the failure
of a second stimulus to excite.

Lewis and Drury **® suggested that the figure
obtained by the distal electrode method be
termed the “effective refractory period.” The
effective refractory period thus consists of the
absolute refractory period plus a portion of
the relative refractory period the length of
which varies inversely with the rate of con-
duction recovery in the muscle under study
and directly with the distance between the
stimulating and recording electrodes. It is
therefore obvious that the demonstration of
a lengthened or shortened effective refrac-
tory period may be dependent on either
or both of two factors which bear no rela-
tion to the absolute refractory period. Al-
though the term “effective refractory period”
has enjoyed wide usage, in our opnion the con-

® The heart rate s mamtained constant by sttmulation
at any guen rate through one system, while a second sys-
tem delners two rapid shocks at progressively decreasing
intervals after each rhythmic sumulus Al sumulation takes
place through one electrode; tracings are recorded from 2
secand electrode near the site of stimulation  After fie
rhythnue shacks (S-1) have been delnered by the first
system, the two raprd shocks (S-2 and $-3) separated by a
predetermmed and fixed intersal are admuustered follow-
ing the last thythmic stimulus, thercafter, the mterval

between the rhythme stimulus and the two estra shocks 15
progressively mncreased The end of the absclute refractory
period 15 marked when $-2 fails to produce an auncular
deflection but netertheless prevents or delays the response
to §-3 Thus the duration of the absolute refractony penod

can be determmed by measunng the mterval between S-1
and S-2, no measurement of the intnnsic deflection is

required

cept is of doubtful worth and continued use of
the term is confusing.

.. Other investigators have related the length of
the absolute refractory period to the Q-T inter-
val. Such methods have proved accurate since
errors involving changes in conduction recovery
apparently are eliminated Macleod ** found
in the isolated turtle heart that the Q-T interval
is directly related to the absolute refractory
period, there being only a slight difference in
their actual measurements. Wedd and his asso-
ciates,* % ®1 i 3 study of jsolated strips of
turtle auricles and ventricles, concluded that
measurements of the Q-T interval and the abso-
lute refractory period are identical. However,
many factors influencing the Q-T intervals in
the clinical electrocardiogram are not related
to changes in the absolute refractory period*®
Lengthening of the Q-T interval in the clinical
electrocardiogram does not necessarily indicate
that the absolute refractory period has been
lengthened, although there is a close relation-
ship in the muscle strip.

Part 1
THE PHARMACOLOGY OF QUINIDINE

Quinidine 15 perhaps the best example of aa
anti-arrhythmic drug It is effective in all the
auricular arrhythmias.

Wenckebach introduced quinine into thtf
therapeutics of auricular fibrillation in 1914.5
This investigator relates an experience with a
Dutch merchant who presented himself with
a history of frequent attacks of auricular par-
oxysmal fibrillation. The patient had discovered
that quinine taken during his attacks stopped
the paroxysms within 20 minutes of their onset.
Wenckebach subsequently used this remedy
successfully in other cases of auricular ﬁbn"]la-
tion, Frey *¢ was the first to employ quinidine,
the dextro-isomer of quinine, in the therapy of
auricular arrhythmias. In an exce]]ent‘monu-
graph Gold ** recently summarized chnical ex-
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EFFECT OF QUINIDINE ON THRESHOLD
OF AURIGULAR EXCITABILITY
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cles at a rate or 200 s stronger than 1n the unmedicated
ammal The effect of quindie on the threshold of auncular
exatability 15 even greater for more rapid rates Anesthesia,
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perience with quinidine and 1ts

present-day
usage,

EFrEct oF Quivinve ox THE ABSOLUTE
Rerractory Penion

Investigators prior to 1925 reported a length-
eung of the absolute refractory period of car-
diac musele following admunistration of qum-
dine More recent work, however, has revealed
that when measures are taken to eliminate oy
deerease error due to decremental condue-
incomplete conduction recovery, quini-
ther shortens or has no effect on the
© 1efractory period s en Ty fact has
ccepted and confirmed by Lewis s

absolut,
been ag

Errecr or QuiNming oy AURICULAR
XCITABILITY
We have confirmed the observations of other
workers ¢ tha¢ the thresholq current required
0 produce a given auricular rate 15 rased b
qundine (Figure 294). This increase in !hy
threshold of auricular excitability oceurs eve:

at slow auricular rates but is disproportionately
greater at rapid rates. Further cvidence' of the
threshold-raising effect of quinidine is pro-
vided by the observation that mechanical stimn-
lation such as stroking or pinching the auricles
failed to elicit premature systoles after adminis-
tration of the drug whereas previously extra-
systoles were easily produced by this method.
Similarly, the application of relatively large
amounts of aconitine to sites on the auricles
after quinidinization failed to produce arthyth-
mias. In untreated dogs we have found aconj-
tine unfailingly effective in initiating auricular
arrhythmias.

OsservaTiON 1: EFFeCT OF QuiNINg ov THE
CINEMATOGRAPING APPEARANCE
OF THE AURICLES

In cach of four dogs, a stimulating electrode
was attached to the body of the right auricle ad-
Jacent to the entrance of the inferior vena cava,
Single shooks from a low frequency pulse gen.
erator were sent into the auricle at a rate greater
than that from the sinus node, usually from 120
to 300 per minute. Cinematogmphs were rec-
orded at a film speed of 2,000 frames per second
while control electrocardiograms confirmed the
presence of auricular tachycardia and Rutter.
Quimdine lactate, 20 mgm. per kilogram, was
gwen intravenously and motion pictures were
taken while the auricle was stimulated af the
same rate as previously. The films recorded be-
e administration were
sereen simultaneously
her. In both cinemato-

then projected on the
and adjacent to each of
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exception have revealed that quinidine slows
the speed of the excitation wave ¥4 7 821 This
electrocardiographic observation is confirmed
by the visual demonstration that slowing of
the rate of conduction of the auricular contrac-
tion wave occurs following administration of
quinidine. Such slowing of conduction is re-
sponsible for the well known widening of the
P and P wave in electrocardiograms from pa-
tients treated with qumidine and is a manifesta-
tion of the depressing effect of the drug on
recovery processes in the auricles.

OpservaTioN 2: EFFECT OF QUINIDINE ON
‘AvnicuLar Conpuctiox Recovery

Tn the present study the effect of quinidine on

e
ncular rate 1s shown above the stimulus-stimulus
nterval

Note that followsng admmistration of quimi-
dne (10 mgm./Kg.) conduction recovery is de-
layed and 1 {Urcthane A ia )

conduction recovery in the auricles was deter-
mined by measuring the rate of conduction at
vatious rates of stimulation. In five dogs with
the heart exposed, direct auricular leads were
recorded simultaneously from the body of the
right auricle and the left auricular appendix.
A stimulating clectrode from a low frequency
pulse generator was attached to the right aurie-
ular appendix, and the positions of all electrodes
were left unchanged for the duration of the ex-
auricle was then stimulated by
currents several times threshold at rates in grad-
ual increments of 25 to 50 stimuli per minute
while continuous electrocardiograms Were rec-
orded at double speed (50 millimeters per sec-
ond). Such records were made in duplicate

periment. The
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Flgurs 206 Sulls from wotion picture to demonsteate the effect of quini-
dme rm the auricular myoeardim

Upper photograph demonstrates the maumum duastole of ‘auncular
ﬁbnﬂahm produced by acomtwe in a dog,

Lower photngraph shows marmmum dustole of auncular fhrllation
sfter quimdine has

admmstered, Note that after treatment with
quinidine the aunicle 1s markedly distended due to Jass of myocardial “tone.”
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before and after the administration of fractional
doses of quinidine (5 to 20 mgm. per kilo-
gram body weight). Measurements were made
of the stimulus-intrinsic interval ° to the nearest
0.01 second in direct leads from the left auricle.
Portions of the tracings recorded while the au-
ricular rate was being changed were not used
for the caleulations. . o .

In the untreated auricle] increasing conduc-
tion failure was found to occur as the auricular
rate was increased beyond a certain level, as
manifested by an increased stimulus-intrinsic
interval and a slight splintering and widening of
the P' wave (Observation-2: Chapter XIV).
After these events became well developed, a
further increase in the rate of stimulation pro-
duced one of two reactions: (1) variable an-
ricular blocking to the clectrical stimulus; or
(2) auricular fibrllation. Following the ad-
ministration of quinidine, these manifestations
of reduced conductivity were apparent at all
rates of stimulation, becoming more marked
at rapid auricular rates. Similarly, the P waves
during normal sinus rhythm were wider. Only
occasionally was it possible to accclerate the
auricular rate sufficiently to produce fbrilla-
tion. Figure 295 shows the effect of qunidine
on auricular conduction recovery as determined
by plotting the stimulus-intrinsic interval
against the stimulus-stimulus interval.  Since
quinidine causes a pralongation of the stimulus-
intrinsic interval at all rates studied, conduc-
tion recovery following quinidinization is de-
layed and incomplete (or infinitely delayed).
As indicated 1n Figure 295, after qunidine has
been administered it 1s impossible to dnive the
auricles as fast as in the unmedicated anmmal
Although the apparent falure of the auricles to
respond te more rapid rates of stmulation fol-
lowing quinidine was formerly attributed to a
lengthening of the absolute refractory period,
Love ** has presented evidence which indicates
that conduction failure may be responsible for
this phenomenon.

@ Thys wterval includes not only the conduction time but
also the latent period which introduces o scghgible and

constant error.

Lewis and Masters ™" and Ruskin and De-
cherd % have studied the effect of quinidine on
auriculo-ventricular and intraventricular condi-
tion recovery. Conduction recovery curves for
these areas before and after quinidine are simi-
lar to those shown for the auricle in Figure 295.
Thus quinidine depresses conduction recovery
in all three areas of the heart.

OsseRvaTioN 8: EFFECT OF QUINIDINE ON THE
Momiox oF THE FIBRILLATING AURICLE

Auricular fibrillation was produced in five
dogs by the application of aconitine to a site on
the surface of the right auricle, Cinematographs
were made at 1,000 frames per second, simul-
tancously with electrocardiograms. Quinidine
lactate was then given intravenously in frac-
tional doses of 20 milligrams every 20 to 30
seconds and photographs taken after each dose.
Thus progressive changes in the motion and
appearance of the same auricle from the un-
quinidinized state to complete quinidinization
(about 10 to 20 milligrams per kilogram) were
observed.

After qunidine was injected, the contraction
waves in the fibrillating auricle gradually be-
came stronger and traveled greater distances,
this cffect frequently could be seen with the
naked eye. Dilation of the auricle was observed
(Figure 296). As additional quinidine was re-
ceived, the motion throughout the contractile
auricular musculature showed progressive de-
crease m rate accompanied by mcreasing coor-
dination and orgamzation until suddenly fibril-
lation terminated. Onset of either auricular
flutter or a slower rhythm was marked by a dis-
appearance of the mute areas of contraction
and the spread of large contraction waves across
the entire contractile auricular surface. The
large contraction waves then recurred at regu-
Jar and slower rates.

OnservaTion 4: EfrecT OF QUINIDINE ON THE
FLECTRICAL ACTIVITY OF THE
FIBRILLATING AURICLE

Ten dogs were anesthetized and the heart
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exposed. Auricular ﬁbri]lation‘was produced by
application of aconitine to a site on the surface
of the auricles Continuous direct aunicular and
limb lead electrocardiograms were taken while
quidime lactate was administered intraven-
ously in an average dose of 20 mgm. per kilo-
gram. In each instance the tracings showed a
rapid change to normal sinus thythm following
the injection. The thythm often changed from
fibllation to flutter, then to tachycardia and
Enally to sinus thythm * In instances, interme-
dute arthythmias were skipped and a direct
change from fibrillation to sinus thythm oc-
curred.

The clinical counterpart of these events fre-
quently is seen during treatment of human au-
ricular fibnllation with quinidine.s™

In eight dogs auricular fibrillation was pro-
duced by the application of aconitine to a site
on the exposed right auricle while a direct
auricular Jead was recorded on the oscilloscopic
screen and photographed with either the Fastax
Camera or the Du Mont Oscillograph Record
Camera  Quinidine lactate was given mtra-
venously in fractional doses as described in Ob-
servation 3 and osaillographic records were
made at intervals, The oscillograms exhibated o
marked change following the imtial mjection of
quinidine, The large (“L”) auricular deflections
i dn ar some b ing as Jarge
3s the ventricular complexes, occurred less fre-
quently and perhaps more regularly, and ap-
peared more symmetrical; however, they were
still irregular 1n rate and no two were identical,
The minute (“M”) waves seemed smaller. As
additional quinidine was &wven, progressive
slowing of the auricular rate occurred. The
baseline between the large waves became
smoother and suddenly fibrllation ceased with

disappearance of the minute wayes, Flutter
then occurred in most 1nstane,

ually are of -

:;;yn however, :t was of;enhdxmcull toyde:emusx‘;o:li‘:}r.aﬂ
e comersion o sius rhyt)

s 1hm was spontaneous or due to
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Figure 297, Direct auricular lead oscill
edubiting transtions from fibnlltion to auncular tachy.
cardia induced by quinidine, (Tyme marlings }zq sccond. )

{A) Untreated briffation,

(B) Fibnllation immedately following quintdine The
osaillabions oceur at a shghtly slower rate than m A and
bear some resemblance to one another,

(C) Intermediate stage in the transition from fibnlla.
tion to flutter. Note the increased amphtude and decreased
rate of the deflectrons, Aberration of the P' waves is
marked,

(D) Auncular tachycardia, The PQ interval is pro-
Tonged,

ogram from a dog

tachycardia and normg
cillographic deflections
thms were consistently
in rate (Figure 207).

A similar experiment y:
two direct auricular leads were recorded simuyl.
taneously on the oscilloscope.  Each lead ex-
hib?ted the changes described above, The large

| sinus rhythm; the os.
of these slower-rate thy-
symmetrical and regular

as performed while

atographically,

Contraction
d decrementally

and unpre.
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dictably for short distances in untreated fibrilla-
tion. As the rate of auricular activity is slowed
by quinidine, the waves travel for increasing
distances until eventually they spread across the
entire surface of the auricle. At this stage, the
minute (“M”) activity of fibrillation is termin-
ated and flutter or a slower-rate rhythm ensues.
These cinematographic changes correspond to
the oscillographic changes observed during the
quinidine-induced transition from auricular
fibrillation to mormal sinus rhythm (Figure
297). The oscillogram exhibits progressive de-
creases in the frequency of the large auricular
oscillations after administration of quinidine;
as the oscillations occur at slower rates, they
become progressively more organized. When
sufficient slowing of the rate takes place, regu-
larity and organization of the auricular deflec-
tion is achieved, fibrillation terminates, and a
pattern characteristic of flutter is seen. The cine-
matographically observed decrease in decre-
mental conduction after administration of quini-
dine correlates with the finding that quinidi-
nization is followed by increased synchronicity
and similarity between simultaneous oscillo-
grams obtained from paired electrodes on the
surface of the auricle.

Tue Errecr or QUINIDINE ON THE RATE oF
Duscuarce Frodt THE Ectoric Focus

The above observations suggest that the pri-
mary anti-arrhythmic action of quimdine is a
slowing of the rate of discharge from the ectopic
focus {Observations 3 and 4). Cinematographic
and electrographic changes identical with those
induced by quinidine have been observed when
the rate of discharge from an acomitine pro-
duced focus is slowed by cooling the focus.
When the auricular rate is controlled, quinidine
slows conduction and delays conduction recov-
ery. When the auricular rate is not controlled,
however, the quinidine-induced slowing of the
rate permits more complete conduction recov-
ery in rapidly beating auricles. At present the
precise pharmacologic action respounsible for
the ability of quinidine to decrease the rate of
discharge from the ectopic focus is obscure but

changes in the threshold of excitability and in
conductivity in the area of the focus undoubt-
edly are of major importance.”

The therapeutic effect of quinidine is sum-
marized in Figure 208 by points W, X, Y and Z
representing the progressive slowing in the rate
of discharge from the ectapic focus which fol-
lows quinidinization during fibrillation. For
purposes of illustration, Y may be considered
the point at which slowing of the auricular rate
by the drug results in sufficient organization of
the awricular deflection to produce a recogniz-
able “flutter wave.” With further slowing of
the auricular rate, the deflection would re-
semble the P’ wave of auricular tachycardia
(point Z).°°

As the rate of discharge from the ectopic
focus decreases, the length of the cardiac cycle
increases; the interval during which the auricle
is permitted to recover from the previous ex-
citation increases and conduction recovery be-
cames mare complete. When the rate of dis-
charge from the ectopic focus falls below the
rate from the sino-aurtcular node which is rela-
tively more resistant to qumnidine, the normal
pacemaker takes over and normal sinus thythm
then exists. Sudden changes in the rate of dis-
charge from the ectopic focus result in the skip-
ping of intermediate stages and a dwect con-
version from fibrillation to nermal sinus rhythm.

The reasons for chnical failures of qumdine
cannot be stated with certainty. Most such in-
stances probably are attributable to one of two

* The effcct of quumdine 15 to drastically delay recovery
of )f bility and d whch follows the
absolute refractory penod, Inasmuch as the ectopic focus
of an auricular arthythmia ewsts 1n cardrac muscle, it secms
reasonahle that this effect may either delay impulse forma-
tion m or prevent the conduction of the smpulses out of the
ectopie focus, In either event, the rate at which meU!SES
are discharged from the ectopre focus would be slowed.
Smus rhythm returns when the actvity of the ectopic focus
1s affected to a greater degree than the smus node ‘\hlcgl 1
normally more resistant to quintdme It 1s possible also dnl
the effect of qumidine on the ectopse focus ¢ partially ]ﬂe
to its ability to decrease vagal tone *' since vagal sum;l.\-
tion 15 known o favor the establishment of auncalar fbnila-
tion { Chapter 14).

2 For the of simpheity we have
events as occurnng in orderly sequence. Actyn“)’. they
occur in a stairstep order, at times progressing and at
times regressing

Jesenbed these
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DEGREASED CONDUGTION
DEFECT

Frgure 298, 3lypothetical drawmg summanzioy

the cune-
v ihe

satographic and oscillogeaphic events obsetved dunng
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Arrows W, X, Y, and Z indicate progressive decreases 0
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Clinical experience with the cardiae gly(i(y.
sides has been . summarized mcﬂ::x::}y v‘)
Kisch; 3? Movitts 405 qnd Linenthal> 2% Waol-
fenburger ¢ reviewed wcscnbdny km\\'lcflgc
concerning the cffect of the cardiac g‘lycosx'dcs
on the metabalism of heart muscle, a subject
less familiar to clinicians.

OrservaTioN 5: EFFECT OF DictrAus oN TuE
- CINEMATOGRAPING APPEARANCE
or THE T{EART

In 10 dogs cinematographs of the heart dur-
ing sinds thythm were made with the Fnstn‘\t
Camera. Strophanthin K er ncety} strophanthi-
din {average dose 003 mgm. per kilogram)
was then administered intravenously; when

15 the revesse of the events which lead to the production of
aurrcalar fibnllation (Figase 239, Chapter NIV}

factars: (1) inadequate blood levels (this fac-
to1 bas been emphoesiced recemtly by Sole-
low, ¥ {2) an ectopic focus whose resistance o

quimdine equals or surpasses that of the sino-
auricular node

Part 11
THE PHARMACOLOGY OF DIGITALIS

As nated 1n Part 1 of this chapter, quumdine
has a similar therapeutic effect on all the chin-
ical and 1 auricular anhyt! In
contrast, the effect of digitabis on these anhy-
thmas 15 vamable and at times seemingly un-
predictable. Digitals 1s anti-arrliythmic m au-
ricufar parovysmal tachycardia and, with ex-
ceptions, pro-arthythme in Sotter and fibrilla-
tion As m the case of quinidine, these effects
have been ascribed by ‘many mvestigators to
alterations in the evettable gap of the hypo-
thetical cwcus pathway, the more compheated
acton of digitalis, however, is wven less ade-
guately esplaned by the circus nent

digitalis effects were manifest on the elcctro-

cardiogram, the heart was again photographed.
The pre- and post-digitalization Slms were de-
veloped and projected simultancously and adja-
cont (0 one another s in the study of quinidine.
Thus one could compare directly, in the same
heart, minute differences resulting from admin-
istration of the drug, Following digitalization
the auricles were greatly decreased in size and
their motion restricted. The ventricles also were
d A in size. B of these changes,
the rate of spread of the contraction wave in
the auncle could not e estimated,

Similar pre- and post-dimtalization cine-
roatographs of the right auricle were recorded
during aconitme-induced aurienlar fibrillation
in eight dogs. The same observations also were
made 1w four dogs during electrical simulation
of the right auricle at various rates Comparison
of the films revealed that after digstalization
the fibnllating aaricle became smaller, Appear-
wg as a contracted mass of
(Figure 269),
0{)\5 :::lzli)g:g)n( ;f the above observation with
Jbsery igure 296} demonstrates that

quivering muscle

theory We have observed the effects of digy-
this on the auricles and have correlated aur
abservations with those of other workers m an

attempt to achieve a better understanding of
the mechantsm mvolved

and quinidice have opposite effects
on the size of the heart. Thys difference is par-

ticwlarly notable in the auncle,

Clinical Correlation: The salutory effect of
digitalis in heart failure is well known and is
generally believed to result from the mereased
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‘;,.gx fEl

e m

Figare 299 Stlls from motion picture to demonslm!e the effect of digs-
talis on the )f d Upper p shows mawamal
diastole of lar fibnl). Juced by m a dog Lower
photograph shows maximum diastole after digitahs was admimstered
The auncle continues to fibnllate Note that the auncle 1s much smaller
n size after digitahs has been adrunistered, possibly due to increase m
myocardial tone. The effect of digitalts 1s opposite to that of qumidine as
demonstrated i Figure 296,
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force of contraction of heart muscle under the
infuence of the drug (cardiotome action). '1.'hc
effect 15 veadily demonstrable by mechan.\cal
methods * and has been visualized in high-
speed cinematographs of experimenm.\ he.axt
falure produced by the intravenous infusion
of saline solution. Under these e‘(perimental
conditions, the administration of stmphamhin
was followed by a return of the heart size
toward normal; other changes included an in-
crease m the amplitude of the contraction
waves, an increase in the degree of systohic
emptying, and @ Iengthening of the interval
accupred by diastole, thus permitting greater
duastohe Blling. Al these factors and possibly
others %% 4% tend to increase cardiac output in
heart failure associated with a decreased car-
diac output. As noted in the above experiment,
when strophanthin was administered to animals
without heart faiture, the heart size decreased
to less than normal, This 15 offered as a possible
explanation for the well known fact that digi-

talis often decreases the output of a normal
heart

Tue EFrecT OF DIGITALIS ON VacaL ToNE

1t 15 a well established fact that vagal stimu-
fation results from the administration of drugs
belonging to the digitalis group

At least part
of this merease m vagal tone has been found

to anse reflexly n the carotid smus ¥ Since
mcreased vagal tone is an tegral part of digi-
talis action, changes m cardiac thythm due to
vagal stmulation tepresent indirect effects of
digitalis These durect effects are considered
concurrently with the direct effects of digitahs
m the following paragraphs.

Tue EfFecr oF Dicrrauss ON THE
AssoLutE RerFractory PERIOD

As |7n_ early studies of quinidine, workers prior
to 1923, w 1:3\ the notable exception of Clark
and Mines reported that digitalis lengthens
the absolute refractory period of heart muscle

a9 .

Love?** however, demonstrated that when

measures are not taken to el
iminate thy
mtroduced by ol S e error
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EFFECT OF STROPHANTHIN K ON THRESHOLD

OF AURICULAR EXCITABILITY

ULATING CURRENT
es)
L

(uicaoAuP!

sTM

o3} STROPHANTHIN K
05 MG

0 s o 73 70
MINUTES AFTER STROPHANTHIN
Figure 300. Threshold of auricular

for an auncular rate of 200 bofore and after digitalization
The threshold current required to dnve the auncle ot 2
rate of 200 1s not significantly changed by noi

n-touc doses
of strophanthin However, the current required to drive

the auncles at extremely rapid rates after digitahzation is

greater than that required 1n the unmedicated animal Anes-
thesia,

pentobatbital.

evotability determined

the values obtained for the absolute refractory
period are too high. Working under conditions
eliminating or decreasing this error, Love; >
Macleod; ! and Wedd, Blair and Dwyer

found that digitalis actually shortens the abso-
lute refractory period.

Tue EfFect oF DICITALIS ON AURICULAR
ExcrTabiry

. We have confirmed observations of other
investigators *° that the threshold current re-
quired to dnve the auricles at relatively slow
rates is not significantly altered by non-toxic
dos'es of digitalis (Figure 300). To drive the
auricles at extremely rapid rates, a significantly
stronger current is required following digitaliza-
:)o:“:i Toxi(f: doses of digitals, like no;x-
ic doses of quimding i ili
threshold of allqzmnculat:’r:::se the exeability
To our knowledge, the effect of increased
\;:g::}1 ton}::, or the indirect effect of digitals,
o beee:‘ r;s&:;\edd offo amillcular excitability lm;
r all auricular rates. In-
crezfse‘d ‘vagal tone has been found to increase

recovery,

y in 1

auricles and to de-
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phantlun K (008 mgmb/}\'g ) conductivity is un-

crease excitability in the auricles of cold blooded
animals.®® Tt is possible that factors of auric-
ular rate account for this apparent difference
in effect of vagal tone on excitability.

OnservatioN 6. Tue Errecr oF Dicrrans ov
'AURICULAR CONDUCTION RECOVERY

In 18 dogs with heart exposed, direct auric-
ular leads were simultaneously recorded from
the hody of the right auricle and the left au-
ricular appendix. A stimulating electrode from
a low frequency pulse generator was attached
to the nght auricular appendix, and the pos-
itions of all electrodes were left unchanged for
the duration of the experiment. The auricle was
then stimulated with currents several times

recovery 1s delayed by strophanthin Anesthesia,
Urethane.

threshold at rates in gradual increments of
25.50 stimuli per minute while continuous elec-
trocardiograms were recorded at double speed
(50 millimeters per second). Such records
were made before and after the administration
of fractional doses of strophanthin K at inter-
vals of 20 minutes; the total dose of strophan-
thin seldom exceeding 0.05 wmgm. per kdo-
gram of body weight. Measurements of the
stimulus-intrinsic interval were made as m
Observation 2. As in the case of quinidme,
when fthe auricles were stimulated at ncreas-
ing rates following the admimstration of
strophanthm K, manifestations of conduction
failure occurred at slower auricular rates than
in the unmedicated animal (Figure 301). At
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Fiare 302 Conduchion recovery . the digit-
shzed ammel detenuned dudng the admmstra-
tion of a canstant acetylcholine divp. Note that the
gradent of cond tecovery after digtal

emawnsay « ACETYLCHOUINE CHLORIDE

Fik B0CK

is altered by the admimstration of acetylhiohne,
thereby making 1t possible to produce fibnilabon,
The antagomsm between the effeets of strophan-

slow auricwlar rates, however, tonduction ye-
cavery foll T

thin and acctylcholine on cond recovery is

cleatly demonstrated

line. These and simmlar observations suggest a
e

g dig was !

When digitalis was administered in toxic doses,
mecomplete conduction recovery was observed
at all auncular rates. Thus the efect on con-
duction recovery of toxic doses of digutalis is
sumlar to that of non-toic doses of quinidine
{Observation 2). Figure 301 shows the effect
of strophanthin on auncular conduction re-
covery in an auncle wineh blocked both before
and after the administration of the drug  Fig-
ure 302 shows the same aundle after admi

tration of strophanthin and wath further alter-
ation of conduction recovery produced by the
slow intravenous administration of acetylcho-

hip between the gradient of the con-
duction recovery curve and the ability to pro-
duce auricular Bbrillation by electrical stimu-
lation ® Further investigation of this problem
would seem desirable,

As in the case of quinidine, the occurrence
of auricular blocking at slower rates of stimu-

lation following digitalization may be due to
conduction failure ™

Conduction recovery curves drawn for the
¢ Under wniform conditions, the gradient of conduchion
Tecovery is probably spversely proportional to changes in
the threshold of exmtabubty which oocur Quning the terminal
t))(o‘mn of the relative refractory period  (See also Chapter
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Figure 303, Auncular conduction recovery be-

fore and dunng the controlled adminstration
of Icholine. The curve mnd) that ace-
tylcholine not only ! d duction re-

covery but also induced a supernormal phase

ventricles % % and the auriculo-ventricular
conducting system ** % before and after digi-
talis resemble those shown for the auricles (Fig-
ure 801). Thus digitalis delays conduction re-
covery in all three arcas of the heart.

The effect of acetylcholine, or the indirect
effect of digitalis, on auricular conduction re-
covery was studied in several animals. An intra-
venous drip of an acetyicholine solution® was
administered at a constant rate just fast enough
to produce sinus bradycardia. The auricles were
then driven electrically and changes in conduc-
tion recovery determined in the manner de-
scribed in Observation 2 Aurncular conduction

# Acetylchohne chlonde 100 mgm. dissohed mn 200 ce.
of distilled water.

of conduction recovery hetween the auncular

rates of 500 and 750 per muinute In some ev-

penments this acehcholine induced supemor-

mal phase was observed at auncular rates as

low as 350 per mmnute (sce also Figure 302)
{ Anesthesia, Urethane.)

recovery was greatly faalitated by acetylcho-
line. Figure 303 represents an mnstance in which
conduction acceleration occurred at auricular
rates of 600, this is regarded as a phase of super-
normal conduction 1ecovery and is more clearly
demonstrated 1n Figure 2624. Rosenbleuth and
Garcia Ramos *** have reported similar auncu-
Jar conduction acceleration at rapid auricular
rates following vagal stimulation.

The vagus has long been recognized to fa-
cilitate intra-auricular condnction, especially
when intra-auricular block is present ™ 1% 3%
No completely satisfactory explanation for these
phenomena has been advanced. The effect of
vagal stimulation at the auriculo-ventricular
node apparently is quite different than in the
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AURICULAR_FIBRILLATION both vagi previously had been sectioned high in
diographic changes were not studied quantita-
tively, Several animals in which auricular fibril-

L' \“M lation had been produced were given acetylcho-
digitalization while continuous records were
made with the oscillograph. In these instances

AFTER DIGITALIS . N

== the rate and amplitude of the auricular deflec-

A clinical counterpart of the above observa-
tion was made in three patients with auricular
fibrillation by recording esophageal Jead oscillo-

gxﬁwng aunculas fbnlation beforo snd after ipt ing digttalization, the amplitude of the deflec-
ollowing digtal the i} are o d . . T
amplitude and appear to occur at a more rapd rate (Tume  tO0S Tecorded from the level of the fibrillating

SEFORE_DIGITALIS the neck, but in these instances the ‘electrocar-
line chioride (0.5 to 1.0 mgm.) before and after
tions ncreased (Figures 305 and 306).
Figure 34 Direct auncuhr Jead oscllogram from dog  8rams before and after digitalization. Follow-
htal
markng J120 second.)
%

auncles. Under the mflvence of vagal stimn-
fation, conduction recovery at the auriculo-
ventnieular node is delayed *™ and conduction
m this area fails at relatively slow auncular
rates Vagal strmulation appears to have no
effect on mtraventricular conduction ! g} Bz10-SEconps arver scetvigmoLing

though the ventricular myocardium is appar- N
ently susceptible to the action of cholmergic
drugs

OssEnvaTION 7. Evrecr or STROPHANTIIN (<

30, SECONOS AFTER ac.
ON THE ELiCTROGRAM FROM Trm: ETYLCHOUINE

FBRuLATING AURiCLE

Iz 18 dogs, auncular fibrillation was pro-
duced by the application of aconitine to a point
ot the surface of the right auricle and a direct o -
auncular lead was recorded from the oscullo. EaocSESON0S acven SEhxiceouns
glaph with the Fairchild camera, Fractional N\

0ses of straphanthin or acetyl strophanthidin
stered mtray enously every twenty
%termment osaillographue records
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ot quieting and sm, th
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doses of 1 l‘Sl e\en}: took place before toxic (7%) Tlur}y seconds aftey d'ln::'iﬁn:tncal ’cmu.;?l;,“
ese drugs @ armfe. 1 - o
simtlar off 8 had been admmistered A ]

(D) s
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was observed jn ammals 1n which e Traan et¥leho.
W Pretreatinen sl S Tetumed
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AURICULAR _ FIBRILLATION

AFTER DIGITALIS

Q

10 SECONDS AFTER_ACETYLCHOLINE

Ry

Figure 306. Direct auncular Jead oscillogram from a dog
showing the effect of acetylcholine 1 auricular fhnllation
already treated with digitahs. {Time marking 342p second.)

{A) Untreated auncular fibrillation.

{B) After adnunistration of digitalis, The amphiude of
the oscillations 15 reduced.

{C} Ten scconds following acetylchohne admmistra-
tion. Note the opposite eflects of acetylcholine and digitahs

on the amplitude of the auricular deflections

auricles was greatly diminished and there was
relative calm between the ventrnicular com-
plexes (Figure 307). Similar observations of
the effect of digitalis on clinical auricular fibril-
latron were made by Hart ** using the ordinary
string galvanometer.

It seems reasonable to attribute the effect
of digitalis on the oscillogram from the fibrillat-
ing auricle at least partially to a further m-
crease in the already marked conduction defect
present in the arrhythmia. The diminution m
electrical “bombardment” of the auriculo-ven-
tricular node which apparently occurs following
digitalization (Figures 304 and 307) may be
one of the factors contributing to the slowing
of the ventricular rate observed when auricular
fibrillation is treated with digitalis.

Tue ErrecT OF DIGITALIS ON
AuricurarR CONDUCTIVITY

The direct effect of digitalis is to delay con-
duction recovery and thereby decrease con-

ductivity in all three areas of the heart. The
effect of increased vagal tone, or the indi-
rect effect of digitalis, is to accelerate conduc-
tion recovery and increase conductivity in the
auricles. Increases in vagal tone delay conduc-
tion recovery and thereby reduce conductivity of
the auriculo-ventricular conductmg system, but
have no effect on the ventricles. In the auricles
the direct and indirect effects of digitalis are an-
tagonistic; however, in our experiments, the
net effect of the drug in this area usually de-
layed conduction recovery. In the auriculo-
ventricular conducting system, the direct and
indirect effects of digitalis are complemen-
tary ** and conductivity between the auricles
and ventricles is greatly reduced by the drug.
In the ventricles, only the direct effect of digi-
talis is operative and conductivity is decreased.
Both digitalis and quinidine delay conduc-
tion recovery and decrease conductivity in all
areas of the heart. Quinidine, 1n contrast to
digitalis, decreases vagal tone. In the auricles,
quinidine depresses conduction more drastically
than comparable doses of digitalis; unlike digi-
talis, quinidine produces a state of incomplete
{or infinitely delayed) auricular conduction
recovery. In the ventricles, where changes m
-agal tone do not affect conductivity, quinidine
also appears more active than digitalis in de-
laying conduction recovery % %%  Although
quinidine apparently decreases conductivity m

A. BEFORE DIGITALIS

B, AFTER DIGITALIS

Figure 307. Esophageal lead oscillograms from patient

before and after digitalis  Following dgitahzation the un-

dulations of the base lme between ventncular compleres

almost disappear { Time marking hyap sccond. Low amph-

feation was used 1n this recordmng but standardization of
the two tracings 1s 1dentical
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the auriculo-ventricular conducting system, its
depressant _action in this area 15 partially
counteracted by the decrease m vagal tone and
is less stnking than that of digitalis whose
direct and indirect effects on auriculo-ventric-
ular conduction are complementary.

Tre EFrect of Dicrrats ox e RATE oF
Discraarce rroy THE Ectomc Focvs

In both clinical and experimentally produced
auricular arthythmias, digitahs and vagal stimu-
lationt usvally have identical effects on auncular
Tate, 8% 199, 370, 312, 375, 392, 393, 54 When the rate
of discharge from the ectopic focus is rapid,
both digitalis and vagal stimulation tend to in-
crease the rate. When the rate of discharge is
slow, both megsures tend to decrease the rate,
Thus the complicated pro- and anti-arrhythmic
action of dugitalis is determined by the ability
of the dmg to increase vagal tone.

Lewis and associates 370, 1t apparently were
the first to appreciate the importance of auric-
uvlar rate in determining the response to vagal
stimulation These investigators found that jf
the auricles were beating around 400 per min-
ute, vagal stimulation usually caufed an auto-

*As suggested 1 g fanionen
Quindine wduced
conduction Tecovery
at which smpulses 2
eméme focus, thys >
to decrease the rate o dichirge from the ectoy o

pie focys

dunng aoneular aohythauas The direct effect of digitalys
i:cke\nse 15 l‘?. de};‘ress au]ncu)ar esetabibity and ¢

covery, although to a lesser ree tha d,
oy gecourt for the absenaten they e, This

about by chapges j,

n‘m\m? _— iu 12 avnedar exatabilty ang
tion on the auysele,

far excitability apg

nduce g Supernory

ltxc avndes are e

POSes

for the

S 10 explam
the suncular fate dunng slo«ez

matic acceleration of the rate and the pr?duc-
tion of avricular fibrillation, At slower auricnlar
rates, vagal stimulation .more often caused ‘ab-
Tupt cessation of the arthythmia or had no effect
at afl. Similar sesults were abtained by Scherf
and associates® in a study of aconitine-in-
duced arrhythmia. We have confirmed these
observations by inistering  acetylchol
while the auricles were beating at-various rates
in response to electrical stimulation or during
aconitine induced arthythmias (Chapter 9)
(Figures 194 and 195). Although it is impos-
sible to determine the auricular rate when
fibrillation exists, an increase in vagal tone dure
ing this arthy thmia” has long been known to
tesult in an inereased number of oscillations in
the electrocardiogram. This suggests that vaga)
stimulation during fibrillation also accelerates
the rate of auricular actuvity.

At present the question must be regarded as -
incompletely answered why vagal stimulation
may resolt in asystole when the auricles are
beating relatis ely slowly, and yet accelerate an
already rapid auricular rate,

SUMMARY AND CONCLUSION

Quinidine depresses bath auricular excitabnl-
ity and aurieular conductivity for any given
awicular rate. In auricular fibrillation and
rapid flutter, quiniding Permits mote complete
conduction recovery in rapidly beating auricles
by slowing the rate of discharge from the ec-
topie focns,
. Both experimentally and clinically, quinidine
Is effective in terminating all the auricular ar.
thythmias, This anti-arrthythmic action is re-
lated to the abjypy, of the dny,
of discharge fron, 1]

the ectopic
slowed by the drug, P

igitalis on the auricles con.

focus js gradually
The effect of g
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sists of (1) a direct action resembling but
quantitatively less than that of quinidine; and
(2) an indirect action, exerted through an in-
crease in vagal tone, which tends principally to
affect auricnlar rate but alse has 3 compli-
cated effect on auricular conductivity, Both
these actions are manifest in the auricyular ar-
rhythmias but the indirect action, or the effect
of vagal tone, determines the complicated pro-
and anti-arrhythmic effect of the drug. Non-
toxic doses of digitalis decrease both conduc-
tivity and excitability in rapidly beating auricles
but fail to affect these factors when the auricle
is beating at slow rates.

In both the experimentally produced and
clinjical auricular arrhythmias, the electrocardio-
graphic events following digitalis administra-
tion are indistinguishable from those following
vagal stimulation or the administration of a
cholinergic drug. The net effect of digitalis in a
given arrhythmia depends principally upon two
factors: (1) the auricular rate; and (2) the de-
gree of increased vagal tone produced by the
drag, The duration of the arrhythmia and the
presence or absence of heart failure are also of
clinical importance but their role in determin-
ing the effect of digitalis is poorly understood.

Auricular paroxysmal tachycardia, generally
a slow arrhythmia, frequently is terminated by
digitalis. The termination of auricular paroxys-
mal tachycardia is usually electrocardiograph-
ically 1dentical whether achieved by admnistra-

THE AURICULAR ARRHYTHMIAS

tion of digitalis, by the administration of a
cholinergic drug, or by carotid sinus stimula-
tion. In all three instances a variable period
of asystole occurs following which sinus rhythm
is re-established.

In flutter, generally a rapid arrhythmia, the
administration of digitalis may produce an ac-
celeration of the auricular rate culminating in
fibrillation. In fibrillation, administration of
digitalis usually perpetuates the arrhythmia and
appears to increase the rate of auricular ac.
tivity, The same sequence of events may take
place following the administration of a choliner-
gic drug or vagal stimulation under similar con-
ditions.

The events leading to the termination of
auricular fibrillation by digitalis remain obscure.
Such conversion occasionally is seen clinically;
in these instances the fibrillation often is of the
acute or paroxysmal rather than the chronic
type. Some instances in which fibrillation is
terminated by digitalis may be attributed to an
improvement of existing heart failure.

The theory that anti-arthythmic drugs ter-
minate auricular arrhythmias by abolishing an
excitable gap on a circus pathway is erroncous.
Although much remains to be learned concern-
ing the pharmacology of quinidine and digitalis,
the effect of these drugs on the auricular ar-
rthythmmas ean be explained without resorting
to the circus movement theory



CHAPTER XVII

Treatment of the Auricular Anhythmias

The mrearvext of auncular arthythmias re-
quires astute judgment in addition to scu'nd
scientific knowledge Rarely in clinical practice
s the combination of science and art more
necessary  Although experienced  physicians
generally treat the auncular archythmias prop-
edy, the young doctor leasns only after Jong,
painful, and sometimes tragic experience,

In the majonty of textbooks and teaching
imstitutions the therapy of auricular arshyth-
mias 15 described as the treatment of a disease
per se. Such instruction is musleading, for the
successful lication of th i

1y

The arthythmias frequently have a dmmn.tic
impact on the inexpedienced physician which
may cause him to try one remedy after another
without regard to the three factors mentioned
above. After a brief prelimmary consideration
of these factors, he generally can proceed ac-
cordimg to the rule that the simpler therapeutic
measures should be applied first. Since the pa-
tient and family are apprehensive, sedation
usually is advisable. Morphine is an excellent
sedative and often induces vormting which
often terminates the arthythmia,

ic
depends upon proper consideration of three
factors: (1) the general condition of the pa-
tient, such as age, shock, etc, (2) the condition
of the myocardim, including presence or ab-
sence of myocarcial falure, coronary duease,
irmtable ventricles, {3) the physwlogic disturb-
ance in the auncles. Here, the electrocardio-
gram with auncular leads js often helphul if

pragerly mterpreted. In a severe case, all three
of these factors must be thoroughl idered

For ly, many therapeutic measures are
available and the response to treatment is often
as dramatic as the clinical picture is alarming.
The physician and student should be thor-
oughly familiar wath the principles and methods
of application of a few basic procedures. With
the present state of knowledge, carotid sinus
massage, parenteral and oral use of digtalis,
parenteral and oral use of quinidine are essen-
ti:xls in the armamentarium of the practicing

Auncular paroxysmal tachycardia with a rate
of 200 per minute in a 20 year old man should
be treated quite differently from a paroxysmal
tachycardia m a man aged 70 in peripheral
shoek with myocardial disease. Yet, the electro-
casiograms may not be unlike in the two -
stances, The fact that these general prncrples
of therapy are not well appreciated 13 illustrated
by the frequency with which ratelligent, well-
formed phy sicians ask us to recommend the
best treatment for a certain auncular arthyth-
ta, or inquire whether or not we believe that
fibrillation should be converted to simus thythm.

[817}

hese measures will enable him to
treat successfully all but the earest aasicular
arthythmias. He should not try new anti-
arrhythmic drugs os soon as they appear, but
rather should rely on proven therapies until the
new procedures become established, Premature
chinical appheation of new drugs may prove
fatal, as exemplified by the tragic effects of
fagarine in certain jnstances, The physician who
can effectively apply established measures will
be able to keep an open but cntical mind con-
cerning the new ones,

Among the many antt-arthythmic measures

available are various mechanical procedures
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and drugs which exert their effect through
vagal stimulation, and a number of drugs which
bave a direct action on the auricular myocar-
dium with or without additional vagal effect.
Some of these procedures and agents are effec-
tive in the treatment of one or two of the ar-
rhythmias, others are useful in all, A brief de-
scription of the more important anti-archythmic
measures and their methods of application
follows.

VAGUS-STIMULATING MECHANICAL
PROCEDURES

Carotid Sinus Massage: ** In our experience,
this procedure when properly utilized is the
most effective mechanical method of exciting
vagal action. Pressure over the carotid artery
is often recommended, but the correct proce-
dure is massage of the caratid sinus. Physicians
not infrequently report that they have found
carotid sinus pressure ineffective, when actually
the only result of their maneuver was to ob-
literate the carotid artery below the sinus.

Carotid sinus massage yields the best results
in thase patients with long, narrow necks. The
patient should be in the supine position, this
is in contrast to the sitting or standing position
recommended when carotid sinus stimulation
is used to determine the cause for syncope. The
head 1s comfortably extended with a pillow
under the neck and is tumed slightly to one
side. A sedative will help assure that the pa-
tient is pot tense and that the platysma muscle
is relaxed. After the carotid sinus is located as
a bulge on the artery, the thumb is used to
administer slow but firm strokes up and down
the artery for a distance of 2 to 4 em Massag-
ing should be done first on the nght side and
then on the left; both sides should never be
stimulated simultancously. The following tech-
nique is most efficacious: the physician
stands on the patient’s right side, allowing

the patient to hold the bell of the stethe-
scape at the heart’s apex with his Jeft hand
while the physician listens to the apex and
massages simultaneously. As the massage is
applied, the patient slowly counts aloud to 20.

This device helps distract the patient from the
annoyance of the procedure and provides 2
masimum time limit for uninterrupted massage;
if the carotid sinus is hypersensitive (type III,
Weiss %) and the patient faints, the physician
is notified as the counting ceases. If the ar-
rthythmia is interrupted during the procedure,
massage is stopped immediately. This proce-
dure taught by the physician can be used by
the patient himself or by some member of his
family in those instances in which the arrhyth-
mia recurs frequently. The beneficial results of
carotid sinus massage in auricular arrhythmias,
in our experience, have been directly related
to the skill with which the physician utilizes
the procedure.

Askey @ has directed attention to deleterious
results from carotid sinus stimulation, Severe
reactions such as transient or permanent hemi-
plegia or death due to thrombosis of bilateral
anterior cerebral arteries*' have been re-
corded. These occurrences, however, were
noted only in clderly arteriosclerotic patients
with the hypersensitive carotid sinus syndrome.
Such instances are not due to cerebral ischemia
resulting from occlusion of the carotid artery,
nor are they necessarily due to reflex changes
in blood pressure or asystole; as shown by
Weiss,* the untoward reactions probably rep-
resent a reflex cerebral effect. Thus carotid stim-
wlation should be used with caution m individ-
uals, especially elderly patients, who faint
frequently. Also it 15 apparent that the pro-
cedure can safely be used in younger patients
in whom 1t is most effective therapeutically.

Ocular Pressure: The physician who can do
carotid sinus massage properly will find ocular
pressure an obsolete and seldom useful method
of treating arrhythmas. Ocular pressure -
duces vagal stimulation by mediating the stim-
ulus through the ophthalmic fibers of the tn-
geminal nerve Since the procedure is some-
what painful, an analgesic may be given prior
to its application. Ocular pressure is most valu-
able in aged sclerotic patients in whom it may
be used to avoid the danger of unfavorable side
effects associated with carotid sinus massage.
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Also it is of value in patients with short, thic}(
necks 1 whom proper carotid smus massage is
difficult. To apply ocular pressure, the physician
should have the patient supme, with his eyes
closed and his gaze directed downward. Pres-
sure is applied on the superior surface of k.he
eyeball above the level of the comea, and with
sufficient firmness to cause some pain. Pressure
should not be maintained for longer than 20
seconds at a time, and the physician should be
Iistening at the apex throughout the procedure,
Aga, the patient should be instructed to count
aloud to 20. In our experience, ocular pressure
is mferior to carotid sinus massage as a means
of stimulating the vagns. It is unlikely that
ocular pressure will be successful in terminating
an archythmua after proper carotid sinus mas-
sage has failed, although such occurrences have
been reported,

Induction of Vomiting: During the act of
vomiting, efferent impulses are discharged over
many parasympathetic pathways meludmg the
vagal tract Vomiting may be induced by me-
chanieal stimulation of the pharynx or by ad-
munistration of ipecae.$ Eight cubic cents-
meters of the syrup (U'S p } is administered a5
an mitial dose and repeated three or four trmes
at howrly itervals 1 reversion to sinus rhythm
is ot obtaned earlter, The amount of the drug
requrred to obtain results vanes widely in dif-
ferent Patients, for g given patient, howe\'er,
when the effective dose is once determined the
same. amount of the dmg s apt to Drove success-
ful in terminating subsequent attacks Apo-
mmphme?“v although effective in the produc.
h{oS\ of Yomiting, 1s not recommended becayse
l;’ its t.(rac effect on the central nervoys system,

omiting as a method of vagal stimulation s

not, wm our €xperience, a it
N » & practical therapent;
Procedure, pentic

Valsalva and Asy ed
cedures generally o
Mg auneular avl. o
i

1
il L1y 3 i
18 instructed to exhale { o The patient

Procedures; These pro.
Te ROt successful in terminas

: ¢ forcibly while g,
is closed ang the nose held by thumbp ;;ﬂ?‘:lrf:

finger, or to exhale forcibly against a closed
glottis  Afferent impulses are sent to the vagus
from the naso-pharyngeal mucosa throngh the
fifth, seventh and ninth nerves. Vagal stimula-
tion may also be obtained by deep breathing,
holding the breath, or irritation of nasal mucosa,

Postural Changes and Miscellaneons Proce-
dures: Other frequently recommended pro-
cedures include postural changes such as bend-
ing forward, stooping with head low and lying
down with the head low, drawing out of tongue,
swallowing of large bolus, pressing on abdo-
men, drinking of ice water, and placing of ice
bag over precordium. We have found these
“handed down” measures of no practical thera-
peutic value and it is inconceivable that they
would be effective after proper carotid sinus
massage had failed,

VAGUS-STIMULATING DRUGS

Available drugs which effect vagal ac-
tivity either directly or indireetly include
Mecholyl, Neostigmine, and Neosynephrine.
These agents need be seldom employed to treat
arthythmias by physicians who can properly
use quinidine and digitalis. Mecholyl occasion.
ally may he indicated. Neostigmine and Neo.
synephrine have little or no place in the therapy
of the auricnlar arthythmias and are mentioned
here only for the Burpose of completeness.

Acetyl-Bcla-Methy’choline (Mccholyl)z Cer-
tain precantions muast be observed when this

never x‘ntmucnously.
tied Toosely argund t
made dista] to i, As

A toumiquet should be
he anm, and the injection
S00n as the arthythmiy i
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caution is necessary to block the action of acetyl-
beta-methylcholine in the event of the develop-
ment of untoward side effects such as pro-
nounced fall in blood pressure, nausea, vomit-
ing, substernal pain, syncope or convulsions.
The side effects of Mecholyl are often violent
and the patient may not be pleased even if the
arrhythmia is terminated. We have seen two
instances of temporary and alarming asystole
following subcutancous administration of
mecholyl.

Nathanson #° recently described a method
by which Mecholyl can be administered intra-
nasally with an applicator. Advantages of the
method include simplicity of administration, the
fact that no sterile solutions need be used, and
that the intensity of the reaction is governed
by the length of time the applicator is in place.
The suggestion was made that intelligent pa-
tients whose attacks are frequent and disabling
might be taught self-administration of Mecholyl
by this method. It is preferable to teach the
patient or some member of the family the tech-
nique of carotid sinus massage because of the
lesser hazard involved.

The average initial dose of acetyl-beta-
methylcholine is 20 mgm. In youthful individ-
uals who are more susceptible, 10 or 15 mgm.
may suffice. Elderly, obese persons may require
30 to 60 mgm. Since the effect of the drug per-
sists no Jonger than 15 or 20 minutes, a second
and larger dose may be administered if the
arrhythmia is still present after this period.

Mecholy! should not be given to allergic ndi-
viduals, especially those subject to bronchial
asthma. It should also be avoided in angina
pectoris, in myocardial infarction whether acute
or healed, and in hyperthyroidism. In patients
with the latter condition, the drug may induce
auricular fibnllation.

Neostigmine Methyl-Sulfate: Since this drug
acts by inhibiting cholinesterase and allowing
accumulation of cholne in the body, its favor-
able and unfavorable effects are similar to
those of acetyl-bct:l-methy]cho]ine but less pro-
nounced. Althongh some authors have re-
ported ** ¢* Neostigmine effective in terminat-

ing auricular arthythmias in small series of
cases, its value as an anti-arthythmic drug has
never been established and remains question-
able.

The average initial dose of Neostigmine is
0.5 to 1.0 mgm. intramuscularly,  Maximum
effects are obtained within 20 minutes. Immed;-
ate results may be obtained from intravenous
administration but this method is apt to pro-
duce severe side effects. We have had no experi-
ence with this drug

Neosynephrine: ®° The therapeutic effect of
Neosynephrine is attributed to reflex cardiac
infubition elicited by the rapid rise in pressure
in the carotid sinuses and aortic arch. A diag-
nosis of supraventricular tachycardia must be
established with certainty before neosynephrine
is employed. The drug should never be used
in ventricular tachycardia, coronary artery dis-
ease or hypertension. Side effects are mmimal
or absent; occasionally a tingling sensation of
the skin or slight headache may occur.

The average initial dose of Neosynephrine in
an adult is 1.0 mgm. given mntravenously. In
children and in lightweight persons, smaller
doses may be used The drug is injected rapidly
into the ante-cubetal fossa of one arm wlnle the
blood pressure is recorded at 80 second intervals
from the other arm. When the therapy is suc-
cessful, normal rhythm is established within
60 seconds. Unless blood pressure promptly
rises 20 to 30 mm. Hg. or more, however, con-
version will not be achieved. Repeated injec-
tions may be given at 10 minute intervals, in-
creasing each successive dose by increments of
0.25 mgm. The value of Neosynephrine as an
anti-arthythmic agent has not been clearly es-
tablished. Although the drug may terminate
arrhythmias on occasion, we believe it inferior
to the simpler and more direct methods of vagal
stimulation,

DRUGS WHICH ACT DIRECTLY ON THE
MYOCARDIUM WITH OR WITHOUT
ADDITIONAL VAGAL EFFECT

Digitalis: Digitalis preparations, particularly
the glycosides, are among the most useful
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agents 1 the management of the :\\m:\\l:u :;r
shythmias, This s especm\.ly true W \en {t'le
arshythmia s associated with congestive Sav-
wre; often restoration of mmpensaho'n alone
\will establish normal sfous shythm. Aside frorf\
its role in restoring myocardial effciency, digi-
talis abolishes certain ausicular arthythmias by
stimulating the vagus {Chapter XVT), The pos-
sibility that the degree of vagal action exhibited
by cettuin ghyeosides differs from that of digi-
tabs leaf is suggested by the work of Fahe '
on lanatoside C. This {nvestigator reported that
wn some of his patients without failure but with
vanious auricular ardhythmias (chronic fbril-
fation, flutter, tachycardia) who bad failed to
rospond to treatment with dignalis leaf ev-
hibited a reversion to normal sinus thythm fo)-
lowing administration of lanataside C. Other
reporters 0 75 believe that lanatoside C is
the digitalis preparation of choice in the
therapy of the auncular arthythmias,

For the management of an acute attack, it
is aduisahle o use 2 tapdly acting preparation
(lanatonide C or owabain, eic.) intravenonsly
or intramuseslarly. 11 Yhe panent has recewved
1o digitalis for a penod of at least two weeks,
one-half of the expected digitalizng doses may
be given at once (06 mgm to 6.8 mgm. of lana-
toside Cor 85 mgm cuabain); if the patient has
been on “maintenance” doses of digirakis, a frac-
twon of the digistalizing dose is slowly adminis-
tered. Needless to say, one must fiest establish
that the arthythmia 1s nat 2 mamfestation of
digmtalis towety  The intravenons or intra-
museatar route may be used In esther ecase
subsequent fractional doses are given at two-
© four-hour intervals wntl effective digiratiza-
tion (short of towc effects) kas heen accom-
plished. 1€ complete digtabization fails to re-
store normal sius shythm, caratid sinus

3

of giving digitalis in tablet inslcafl of kin?lurai
form is that physicians fail to advise (r:\choni\
Joses. In some instances of fibrillation, es-
pecially in senile patients, we have found frac-
tional amounts of tablets adequate, In these
patients, the ventricular rate is an excellent
guide to effective digitalization. When .congcs-
tive fmlure §s present, underdigitalization fre-
quently occurs due to strict adherence to dos-
ages supplied in tablets.””

Q“i“idi“e'- 138 225, %oy, 294, 302, M3, 403, A2 627,
anen This drg is widely used in all the ar-
thythmias, The fact that quinidine can be given
with relative safety in either auricular or ven-
triewlyr arbwthmias is of great adsantage
when the physician is in doubt as to the proper
diagnosis. Were it not for certain detrimental
side-effects, quinidine might be considered the
ideal amti-arshythmic drug since it raises the
excitability threshold of an ectopic focus and is
successful in terminating all four auricular ar-
rhythmias. The physician should be cognizant
of the fact that quinidine has an atropine effect;
therefore, there s no need to try vagus-stimulat-
ng methods after quinidine s given. Digitalis
and quinidine, hawever, may safely be given
together. Tu fact, in some instances, quinidine
is best given after or simultancously with digi-
talis.

The hopes expressed for quinidine 15 years
ago have not been entively fulfilled, and it is
entirely bkely that a new dmg wilt be found
having the same or greater therapeutic effects,
but without unfavorable side effects. At the
present time, however, quinidine is the most
”’“‘”i‘ble anti-arthythmic drag available. The
excellent review i 1 .
nmmf"; :ﬁ;;cﬁ;tsb‘};mlzlt;‘a!mav; on chemieal
methoxy derivative of | reme or a1 o bea

Y 3 ] henzene or a substituted

B

shovid be wried followed by other proced

Many tinician

which increase vagal tone  After the arthyth-

mia has been terminated, maintenance doses of

digitalis are gnen arally to prevent recurrence.

.In most wstances the mamntenance dose of
digutalis 15 one or two tablets of whatever pre

avation js being used  One of the disad g
g

consider quinidi
therapy 1w auncular paroxysm
but our experience 1ndicates th
m Aicrit.
n g o; gitalis are more valuable, In the
esence of an impaired my i
F e yoeardinm, quimadi
is definitely infe: i her

the best
al tachycardia,
at caretid sinus

d Tior o digitalis. On the other
N 1s preferable to digitalis when
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caution is necessary to block the action of acetyl-
beta-methylcholine in the event of the develop-
ment of untoward side effects such as pro-
nounced fall in blood pressure, nausea, vomit-
ing, substernal pain, syncope or convulsions.
The side effects of Mecholyl are often violent
and the patient may not be pleased even if the
arthythmia is terminated. We have seen two
instances of temporary and alarming asystole
following subcutaneous administration of
mecholyl.

Nathanson ** recently described a method
by which Mecholyl can be administered intra-
nasally with an applicator. Advantages of the
method include simplicity of administration, the
fact that no sterile solutions need be used, and
that the intensity of the reaction is governed
by the length of time the applicator is in place.
The suggestion was made that intelligent pa-
tients whose attacks are frequent and disabling
might be taught self-administration of Mecholyl
by this method. It is preferable to teach the
patient or some member of the family the tech-
nique of carotid sinus massage because of the
lesser hazard involved.

The average initial dose of acetyl-beta-
methylcholine is 20 mgm. In youthful individ-
uals who are more susceptible, 10 or 15 mgm.
may suffice. Elderly, obese persons may require
30 to 60 mgm. Since the effect of the drug per-
sists no Ionger than 15 or 20 minutes, a second
and larger dose may be administered 1if the
arthythmia is still present after this period.

Mecholyl should not be given to allergic indi-
viduals, especially those subject to bronchial
asthma. It should also be avoided in angina
pectoris, in myocardial infarction whether acute
or healed, and in hyperthyroidism. In patients
with the latter condition, the drug may induce
auricalar fibrillation.

Neostigmine Methyl-Sulfate: Since this drug
acts by inhibiting cholinesterase and allowing
accumulation of choline in the body, its favor-
able and unfavorable effects are similar to
those of acetyl-beta-methylcholine but less pro-
nounced. Although some authors have re-
ported 484, 612 Neostigmine effective in terminat-

ing auricular arrhythmias in small series of
cases, its value as an anti-arthythmic drug has
never been established and remains question-
able.

The average initial dose of Neostigmine is
0.5 to 1.0 mgm. intramuscularly. Maximum
effects are obtained within 20 minutes. Immedi-
ate results may be obtained from intravenous
administration but this method is apt to pro-
duce severe side effects. We have had no experi-
ence with this drug.

Neosynephrine: ®* The therapeutic effect of
Neosynephrine is attributed to reflex cardiac
inlubition elicited by the rapid rise in pressure
in the carotid sinuses and aortic arch. A diag-
nosis of supraventricular tachycardia must be
established with certainty before neosynephrine
is employed. The drug should never be used
in ventricular tachycardia, coronary artery dis-
ease or hypertension. Side effects are minimal
or absent; occasionally a tinghng sensation of
the skin or slight headache may occur.

The average initial dose of Neosynephrine
an adult is 1.0 mgm. given mtravenously. In
children and in lightweight persons, smaller
doses may be used. The drug is injected rapidly
into the ante-cubetal fossa of one arm while the
blood pressure is recorded at 30 second mtervals
from the other arm. When the therapy 1s suc-
cessful, normal rhythm is established within
60 seconds. Unless blood pressure promptly
rises 20 to 30 mm. Hg. or more, however, con-
version will not be achieved. Repeated mjec-
tions may be given at 10 mmnute mtervals, in-
creasing each successive dose by increments of
0.95 mgm. The valne of Neosynepline as an
anti-arrhythmic agent has not been clearly es-
tabhshed. Although the drug may termumate
arthythmuas on oceasion, we believe it inferior
to the simpler and more direct methods of vagal
stimulation.

DRUGS WHICH ACT DIRECTLY ON THE
AIYOCARDIUM WITH OR WITHOUT
ADDITIONAL VAGAL EFFECT

Digitalis: Digitalis preparations, particularly
the glycosides, are among the most useful
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Mild toxic effects such as bamitus and mod-
erate gas(mimex(iml frntation are not .cnnfm-
indications to continvance of the medication.
However, severe gastmimestiml {sntation
(vomitmg, dwrrhea), a marked drop in blood
pressure with or without syncope, 01 an crease
$u the ventricular vate to above 180 beats per
minnte necessitate immediate withdrawal of
the drug Tn the presence of severe myocardial
damage, significant widening of the QRS com-
glex must be considered as indication for stop-
page of therapy

Qumidime 15 contraindicated during preg-
nancy We have seen a woman who aborted on
several occasions when frequent bouts of tachy-
cardia were treated with quinidine. In this case
digitalis controlled the avthythmia and a subse-
quent pregnancy was successfully colminated.

Alter the arrthythma has been terminated, it
15 often necessary to i
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servation will be required to determine the
valne of this new drug, especially since we !‘now
of one instance of death resulting from its intra-
venous use, It seems vnlihcly that atabsine will
winidine.
re};\‘;‘:;nz‘si:;\ Sulfates 3% 453983 894093 This drag
acts both on the myocardium and on the con-
duction system. Since the magnesinm jon is
deprcss:m't to heart action,”! beneficial effects
should be expected in cardine arrhythmias.
Scherf ™ terminated three of eight attacks of
paroxysmal tachyeardia by using 1010 15 ce. of
magnesium sulfate ia a 10 percent solntion,
With 20 ce. of the drug in a 20 per cent solu-
tion, ol of 8 attacks of tachycardia were termin-
ated; one instance of auricular fibrillation was
unalfected. Zimdahl * terminated an auricular
parovysmal tachycardia with 22 ce. of a 25 per
cent solution after lanatoside C, quinidine intra-

doses of qunidine to prevent recurrences. Al
though the final mawtenance schedule js deter-
mined by trial and error, m most mnstances the
dosage required ranges between 0.2 and 04 Gm
every fonr to six hours. Sokolow and Edgar *®
have found that a blood level of approximately
5 mgm per liter 15 required to prevent return
of the arthythma  Although further expenence
will be necessary to establish the usefu) of

lasly, Mecholyl, and 10 cc. of 25 per cent
magnesium sulfate had failed.

The untoward effects of this therapy are
sensations of intense heat, perspiration, nauses
and general weakness Disturbed A-V condue-
tion may oceur and Scherf considers marhed
myocardial ge, i teular d
tion disturbances, or gallop rhythm as probable
contraindications  Appasently the drug has a

blood concentration estimation as a gmde in
qumidine therapy, 1t appears probable that
this procedure will prove of value m determin-
mg, mantenance doses necessary to prevent re-
cwrrences

Atabrine: Despite marked differences in
chepncal structure, atabrine closely parallels
dine in respeet ta pt

Boart ™ o5 1o ¥ e achion on the
n doses is Jess

lative action so that repetition of the dose
should be delayed for same time. Magnesivm
sulfate should not be used in renal failre, Mag-
nesm ions are respiratory depressants as well
as cardiac depressants.

Our evperience with magneswms sulfate is
himited, but we have not been impressed by the
usefulness of the drug, Recent studes of other
ions have stressed that sudden and drastic

P

toac than qumdine, and several studies wnds-
cate that 1t 15 & promising agent in the therapy
of cardhac archythmyas 392 33 s The dosage
recommended to terminate an arthythma 15
01 Gm intravenously every two hours for five
or six doses, 01 to 02 Gm doses are given
onally to prevent Tecurrences, Gertler *** found
that atabrine, Vike quinidine, 15 mast effective in
arshythmias not long established, Further ob-

ges in ion chemistry are not wi -
ard, Winkler, Smith, nn:iyﬂoff 058 hz\v?::;nlrxatl
a fatality following infection of 30 ce, of a 23
per cent solution of magnesium sullate. Ensel-
berg " concluded that the therapeutic use of
magnesium w arrhythmias was limited becanse
of short action and occasional undesirable
effects. However, ths author had no experi-
ence with the drug in auricular tat:hycmdiapand
had employed it in only two instances of flutter.
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the ventricles are irritable as shown by the oc-
currence of multifocal premature ventricular
systoles. In the past, conduction disturbances
have been considered as contraindications to
quinidine therapy. We believe that the drug
may be used cautiously despite conduction dis-
turbances.

The dosage of quinidine varies with different
individuals and the exact amount required in
a given instance can be determined only by
trial and error. Sokolow and Edgar5® and
others ™ 2% have attempted to correlate the
therapeutic effects with the blood levels of the
drug. It has been demonstrated 3t 2% 3% 673
that the blood level of quinidine reaches a peak
about two hours after oral administration.
When the same dose is repeated at two-hour
intervals the blood level gradually rises with
each succeeding dose for the first four or five
doses; however, the increment by which the
blood concentration is ncreased grows smaller
with each successive dose until finally, after the
fifth dose, the blood concentration ceases to
increase and the curve levels off unless the suc-
ceeding doses are substantially augmented. On
the basis of these observations and our own
clinical experience, the following alternative
schedules are recommended:

(a) A dose of 0.4 Gm. is given initially and
repeated every two hours until five doses have
been given (total daily dose of 20 Gm.). If
conversion to normal sinus rhythm is not ob-
tained, this schedule is repeated on the follow-
ing day, increasing the individual dose to 0.6
Gm. On the third day the individual dose is
increased to 0.8 Gm (daily total of 40 Gm.).
In our experience, the medical “custom” of giv-
ing 0.2 Gm. as a test dose is of no value and
often entails unnecessary delay. Linenthal and
Friedberg *°> %% concluded that the evidence is
insufficient to establish a causal relationship in
the few reported instances of syncope, convul-
sions, collapse and respiratory difficulty follow-
ing administration of single small doses of quini-
dine. Cinchonism and allergic reactions (rashes,
purpura) are due to acquired sensitivities and

develop after one to two weeks of quinidine
therapy.

(b) Five doses are given at two-hour inter-
vals as follows: 0.4 Gm., 0.6 Gm,, 0.8 Gm,, 1.0
Gm. and 1.2 Gm, If no serious toxic effects de-
velop and the arthythmia persists, this sched-
ule is repeated daily for three successive days.

The parenteral use of quinidine is usually
limited to emergencies, although in some in-
stances of severe nausea or vomiting associated
with an arthythmia the physician will find the
parenteral route of value. Several gquinidine
preparations are available for parenteral use;
including quinidine hydrochlonde, sulfate, Jac-
tate, and gluconate. Quinidine sulfate may be
given intravenously by dissolving 0.2 Gm. of the
powder in 20 ce. of distilled water, and adminis-
tenng slowly, or 4 Gm. may be dissolved in 500
cc. of saline or 5 per cent glucose and adminis-
tered slowly by intravenous drip until the de-
sired or toxic effect is obtained. Electrocardio-
grams should be faken during the drip and
administration halted if toxic effects oceur.
The hydrochloride preparation is of value
since it js commercially available in ampules
of 0.5 Gm. in 5 cc. and 15 given as a 0.5 per
cent solution. We have used primarily quinidine
lactate which is marketed in ampules with 0.63
Gm. in 10 cc. of normal saline; this is diluted
with 50 cc. of 5 per cent glucose for intravenous
use and given slowly. The above preparations
are of limited value for mtramuscular use be-
cause of the pain involved m administering the
quantity necessary to obtain adequate dosage.
For intramuscular use the preparation quinidine
hydrochloride 15 Gms., antipyrine 15 Gms , urea
20 Gms. and distilled water 100 cc. is especially
valuable. A 2 ce. injection of this preparation
will contain 0.3 Gms. of quinidine hydrochlo-
ride. Unfortunately, the preparation is unstable
and cannot be stored for long periods.

In all instances, before a dose is gwven the pa-
tient should be examined to determine whether
or not the arrhythmia has been terminated. If
after three days the arthythmia persists, 1t 15
unbikely that further quinidine therapy will
prove successful.
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fon, the various procedures avadable could 'be
tisted for each of the faur auricular arrhythmias.
Certainly the literature contains many excellent
reviews on the therapy of the auncular arthyth-
m}as 35, 48, 71, 187, W% 343, 588, GOT, 638 ﬂnd m:‘“y
thorough analyses of specific aspeets of “J-»c
p‘nb‘em.ﬂﬂ 287, 299, 21T, 39K, 460, 478, 431, 33T, Ui0. f)\\,. 4
But to be of maximum value to the practicing
physician, a diseussion of treatment should be
applicable to the specific types of cases encount-
ered clmically In the present section we have
attempted to provide such a guide to therapy.
Certarn clmreal cireumstances associated with
the arthythmias have been omitted because of
their relative rarity; others undoubtedly have
been overlooked. Nevertheless, the discussion
covers the problems most commenly faced by
the practicing physician

AURICULAR PREMATURE BEATS
Auricular Pe Systoles Asymptomatic,

423

the complete omission of tobacco, coffee, aleo-
o), ete. Also, the well meaning doctor may .do
more harm than good if he begins extensive
and expensive in\estigation for a “tngger mech-
anism,” such as diseased gallbladder. The treat-
ment of any disorder which might be found,
such as gallstones, would depend entircly npon
the Jocal condition and not on the presence of
absence of extrasystoles.

Auricular Premature Systoles, Symptomatic,
with or without Tieart Discase: Palpitation is
the nsual symptom The treatment can be con-
sidered 90 per cent psychotherapentic and 10
per cent pharmacologic. Psychotherapeutically,
various devices may be utilized by the physi-
cian. He can remind the patient that many doc-
tors, perhiaps he, himsell, have premature sys-
toles; and then, by mentioning symptoms that
the patient has not yet described but probably
has experienced, convinee him that the doctor

with or without Heast Disease: Most prema-
ture systoles, whether auncular or ventneulas,
ate asymptomatic. When such instances are dis-
covered accrdentally on physical e fon ar
electrocardiograms, under no circumstances
should the patient be mformed of the irregu-
lanty nor should treatment be mstituted This
15 true whether or not the pattent has heart
disease  Each year many cardiac neurotics are
created wnder such oirewmstances and patients

take large amounts of qumdine needlessly
Auntcular premature systoles in patients with
matral stenosts frequently are believed to por-
tend the onset of the more serious auncular ar-
thythmias On the basis of such an assumption,
prophylactic quimdine (0.2 to 0.1 G every
fine howrs dunng wakening) 1 often recom-
mended We believe that such a procedure is
dhadvised m the vast majontty of cases, In
arder to prevent properly this asymptomatie
:md. bemgn disorder, 1t would be necessary to
maintam an eflective blood level 24 hours a day
\;.\m\\g‘\]wut the remamnder of the patient’s life
R e e o
g by demanding

has a full understanding of the problem. [fis
statement that the disturbance is not cause for
concern then will e morse readily accepted. The
patient shovld be told that under no circum-
stances should he feel hus pulse. Emphasize that
the majonty of patients with premature systoles
have no symptoms, and tell im that his symg-

toms will gradually disapy 1£ the sympt

are mild, the patient should not be given guini-
dine on the first visit but should be assured that
an effective drug exists and can be used if
needed.  After the physician has thoroughly
explained to the patient that his disorder is
functional snd not a structural disease of the
heart, good results will he abtamed and most
patients will not require further treatment.

In rare instances, wually in hypersensitive
mdmduals, the presence of multifocal or fre-
quent premature systoles necessitates pharma-
cu\ogi.c treatment m addition to psychatherapy.
Sedation 1 the form af phenabarbital in doses
of 15 to 30 mgm three o {

our times daily, or
bronudes m doses of 1.0 Gm, twa or three l);l,nes

daly should be tried first, I these measures
prove unsuccessful, quinidine sulfate (02004
Gm.) four or five times dady may be admun-
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Antihistaminics:  McCawley and Dick 4%
have recently used benadryl successfully in the
treatment of auricular tachycardia, flutter and

problem of finding the ideal antifibrillatory drug
is exemplified by fagarine. Drugs may be found
which are more potent than quinidine in rais-

fibrillation. Experimentally, they and others *"“ing the threshold of excitability but, as dis-

v’ have shown that the anti-histaminics have
antifibrillatory properties in common with qui-
nidine and procaine. Furthermore, benadryl
possesses an advantage over quinidine in that
in large doses it does not tend to produce ven-
tricular arrhythmias or serious fall in blood
pressure.**® 8 This drug is administered in the
following manner: A test dose of 50 mgm is
given orally. Two hours later 200 mgm. diluted
in 800 cc. saline solution is administered intra-
venously over a period of 30 minutes. If no re-
sults are obtained within six hours, 400 mgm.
diluted in 500 cc. saline are given intravenously
over a period of 45 minutes to an hour. If this
treatment proves successful, maintenance doses
are given orally.

Di Palma '* has recently reviewed this prob-
lem in regard to other antihistammics of similar
structure which may be effective. Neoantergan
was reported as being twice as active as quini-
dine against electrically nduced fibrillation,
while pyribenzamine was somewhat Jess active.
Further clinical study with this group of prom-
jsing drugs is certamly indicated, because of
the combination of possible efficiency with low
toxicity.

Fagarine: This drug has been claimed to
yield good results in human auricular fbrilla-
tion 5% %9 Scherf ®* reported fagarine effective
in stoppiug aconitine induced flutter and fibril-
lation, The drug has also been reported *** to
be five times more potent than quinidine in pre-
venting electrically induced auricular fibrilla-
tion. Nevertheless, as Di Palma concluded,'*!

the tendency of fagarine to produce ventricular’

brillation prevents its widespread chmcal use,
and any agent which replaces quimidine must
be mare potent but less toxic. Interest in faga-
rine nevertheless continues as a large group of
synthetic derivatives based on the original
structure proposed for this drug are being in-
vestigated ¢ for antifibrillatory properties. The

cussed in Chapter XVI, conductivity also may
be more drastically depressed. Thus, undesir-
able cardiac effects which have been attributed
to disturbed conductivity also probably will be
magnified.

Miscellaneous: Auricular arrhythmias occur-
ring during the course of various systemic afflic-
tions are treated primarily by correction of the
underlying disorder. Examples of such arrhyth-
mias are those which occur duning acute infec-
tions including pneumonia and childhood infec-
tious diseases. Similarly, the arrhythmias which
occur with digitalis intoxication are treated
primarily by correction of the toxicity In the
case of digitalis induced disturbances, magnes-
fum % and potassium *% #? are reported to be
unusually effective.

There are various procedures oceasionally
used in the therapy of auricular arrhythmias
with which we have had no expenence, and
which at the present time are of unproven prac-
tical value. Toward such measures, the practic-
ing physician should keep an open mind. These
procedures include stellate ganglion blocks **
and superior cervical sympathectomy. Procaine
and jts derivatives are said to be of hmited
benefit in the auricular arthythmias while of
great value i the ventricular disturbances. Di-
benamine *** appears to have Lttle value m
treating auricular arrhythmias but may prove
of prophylactic value in patients, especsally hy-
perthyroids, undergoing surgical procedures.

MANAGEMENT OF THE PATIENT WITH
AN AURICULAR ARRHYTHMIA

As pointed out 1n the previous section, the
treatment of auricular arrhythmias varies with
the patient. If this were not true, a complete
consideration of therapy need include only the
general therapeutic procedures outlined above;
the physician could be wstructed to apply these
procedures as he sees fit. Or, in cookbook fash-
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case or Presbycardia: In older patients, tachy-
cardia may be fatal because it causes coronaty
insufficiency, shock states with peripheral stag-
naton, or pulmonary emboli, Unless ﬂle.re 15
response to the initial therapy, these patients
should be hospitalized, if this can be accom-
plished without difficulty, s0 that they have the
benefit of experienced nursing care sfnd obser-
vation durmng their rapidly changing state.
When the tachycardia is relatively slow, treat-
ment is smpler as there is fess shock and usu-
ally no falure From the beginning of the at-
tack, the patient should be sreated for conges-
tive falure by digitalization whether or not
this condition is present. If the tate 15 more
rapid, treatment is more difficult as shock be-
comes more severe and the ectopic focus is more
firmly established  Shock, as ewidenced by
hlood pressure and collapsed penpheral veins,
must be treated by transfusions and sympatho-
mimetic drogs such as paredrine. Congestive
falure, as evidenced by full neck veins, must
be treated by parenterally administered digi-
talis Carotid smus stimulation should be used
mt these patients only with great caution be-
cause of the hazards associated with cerebral
vascalar disease. Ocular pressure may be tried.
1f the arthythmia still persists, quimdme should
be nsed Subsequently, Mecholyl should be
tried and finally, p af quimdine with de-
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The auricular paroxysmal \achycmdv.\. of i
fants is notoriously resistant to \':\gus-_shm\\lnt'»
ing mechanical procedures and' lf’ ‘\'nno\zs :m.h‘
arrhythmie drugs including qmmdmc, Neostig-
mine, and Neosyncphrine. The !rcmmcrtl of
chaice is digitalization which, fortunately, is :1:
most always cffective”™ An injtial dgsc of 23
cc. (05 mgm.) of Cedilanid or 0.05 Gm. of
Digifolin is given intr larly. Su!) e
dosage must be determined by the clinical 1e-
sponse. The total dosage of digitalis required
by different patients varies tremendously and
will often be far in cxcess of that cxpected on
the basis of the infant’s weight, If the arhyth.
mia persists after digitalization, quinidine may
he given simultancously with maintenance
dases of digitalis. Small doses of phenobarbital
orally or of sodivm phenobarbital intramuscu-
larly may be admimstered for sedation. Gib.
som 2 reported successful results with Mecholyl
m two mfants who appeared moribund; 2.0
mgm were given intravenously without effeet,
hut five minutes later conversion to normal
sinus thythm was achieved with a 14 mgm,
dose.

Tachycardia Following Coronary Occlusion:
In these instances the disorder nsually is due 1o
auriestar mfarction accompanying a posterior
myocardial infarction ®? or to congestive falure

termination of blood levels The nced for dras-
tic therapy i these patents s confirmed by
our expenence, i the past three years, we have
seen 8 deaths from tachycardsa, all 1n the older
age group.

Tachycardia in Infants: Here the auricular
rate 15 extremely rapid, usually around 250 per
minute and occasionally 1 excess of 300 Such
arthythmuas beor a grave prognosis »f allowed
tn continue untreated and undoubtedly account
for many stances of death of mfants for which
20 canse can be found. Difficulties i the diag:

wosis of tachyeardia wm infants are discussed i
5 in

Chapter 111 The wtermst, especially the car-

dialogist, must be famihar with this problem

arder to ad the peduatrician,

T :Ilb d‘e infﬂ!cﬁoﬂ-n' 11, 402, 403 420 {\s
pointed out by Askey?® and others 47 7 (e
combination of auricular tachycardia and myo-
cardual infarction is rare.** The poor prognosis
of patients with myocartia) infarction in whom
auricular tachyeardia develops warrants heroie
therapy. In such instances, the physician must
stay with the patient day and night. The com.
bination of shock and failure 1s comman and
the doctor mast carefully evaluate all clinieal
sgns, especially full neck veing w combination
with empty peapheral veins and Tow blood pres.
sure. 1f shack s present, treatment with trans.
Iu‘su‘)n and sympathomimetic drugs is indieated
Digitatzation and quimidinization must be used
toged\'er for any heart failure, Frequently in
these instances, Hme becomes of the essence, if
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istered. Papaverine in doses of 0,065 to 0.2 Gm.
three times daily and potassium acetate *° 2.0 to
4.0 Gm. (30 to 60 grains) in a 25 per cent solu-
tion of peppermint water every four to six hours
have been tried; in our experience these drugs
have not proved too successful. The excessive
use of aleahol, coffee and tobacco should be
controlled, but strict omission of these ftems
should be insisted upon only if benefit can be
demonstrated. In most instances the institu-
tion of general measures such as weight loss or
gain is indicated; proper exercise, fresh air, and
relaxation will have more beneficial effect than
specific medications.

AURICULAR PAROXYSMAL TACHYCARDIA

Functional Tachycardia, Asymptomatic, with
Slow Rates: In these instances the cardiac rate
is generally in the range of 90 to 100 The epi-
sodes last only for a few beats and the rates are
usually so slow that the presence of the abnor-
mality cannot be determined on physical ex-
amination and is accidentally discovered on
electrocardiograms. The hearts are generally
pesfectly normal and the disturbance is fre-
quently psychogenic or emotional in origin. We
have seen two such cases in the past year. As
in asymptomatic auricular premature systole, we
believe it best not to inform the patient of the
arthythmia. The only treatment indicated, if
any, is a sedative if the patient 15 aware of the
disturbance, Strong reassurance as to the ab-
sence of heart disease 1s essentjal.

Functional Tachycardia, Symptomatie, with
Fast Rates: This is the common type of auricu-
far paroxysmal tachycardia. The cardiac rate 1s
usually 180 or faster. The episodes may be brief
and terminate spontaneously or they may last
long cnough to require drastic treatment. Fre-
quent recurrence is common. The heart is usu-
ally normal, onset of the paroxysms may be psy-
chogenic. Since these patients are usually ex-
tremely excited, the physician should first as-
sure them that he knows exactly what the
trouble is and that it is not serjous, He should
then try carotid sinus massage. It may be

necessary to repeat the massage after sedation.
If this procedure does not terminate the attack,
and if the patient is in good general condition
without shock and the heart is structurally
sound, quinidine (0.4 Gm.) should be given to-
gether with a sedative sufficient to induce sleep.
We usually recommend that the patient take
pentobarbital (0.2 Gm.). In our experince, 95
per cent of the patients will awaken with the
attack terminated. Whether the quinidine or the
sedative causes the conversion is not known, If
the tachycardia is still present when the patient
awakens, we believe that Cedilamd is then
the best therapeutic agent to use. In such
cases, the drug should be given intramuscu-
larly and followed by repeating the carotid
sinus massage. If the condition still persists, it
is wise to hospitalize the patient and ample
quinidine shonld be given. Lastly Mecholyl
should be used as described above. This pro-
cedure will result in successful conversion to
normal sinus rhythm in 99 per cent of cases.
Rarely, adults exhibit paroxysms of tachycar-
dia with extremely rapid rates, approximately
250 beats per minute. Carotid sinus massage
and other vagal stimulants are usually meffec-
tive in such instances. The treatment of choice
in the absence of failure is quimdine, given par-
enterally (intramuscularly or intravenously)
and with attention to blood levels. Fadwre or
shock readily occurs in these patients and dras-
tic therapy may be required I failure is pres-
ent, intramuscular digitalis must be used simul-
taneously with the guimdine.
Tachyeardia with Mitral Stenosis:
these patients usually are aware of the prescnce
of heart disease, sedation and reassurance that
the disturbance will not be fatal is of prime -
portance. Cedilanid m combination with caro-
tid sinus massage is the treatment of chowe Tf
ineffcctive, hospitalization probably is idicated
and therapy will vary depending on the conds-
tion of the patient. If his condition is satisfac-
tory, use qunidine and sedation, if critical, use

Mecholyl . .
Tachycardia with Arteriosclerotic Heart Dis-

Since
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. ieular paroxysmal tachycardia of fn-
ease or Preshycardio: In older patients, tachy~ fm'l;ls\cis:\:::tc‘:‘;“s‘;y xc:islnn‘ to vagus-stimulat-
cardia may be fatal heca\\se. 3 causes covonary o i S el procedures and to various anti-
msuliciency, shodk staes it Pe"phm;‘ iy -\rfh hmic drugs including quinidine, Neostig-
naton, or pulmonary embol U?‘ess e :: ;ning and Neosyncphirine. The treatment of
respanse to the initial ﬂ}em]?y. these patie clmic‘e is digitalization which, fortanately, is al-
shald b, hospialzed, if (his can be Secot ost alwa s elfective® An initial dose of 25
phshed srthout dilficulty, so that they have the T 0.5 n): m.) of Cedilanid or 003 Gm. of
benefit of expenenced nursing care a.nd abser- L;. .(m-‘“ isg i\-'c" i farly. Sabseq

‘“n':on Suﬁng] lhES' 1“? ﬁ&xf&?i&% :::ﬁ:\ dt:i‘sgclmustghc determined by the clinical rc;]-

Vhen the tachycardia X » \italis require

o el s ok v o, T S U
ally no falure. From the bEgmm(rlxg{ (: nxe Zs: \v’ﬂl e ar i evecss of that expected o
e } h? pn:m(?lqtdsz:temzeﬁiethir cn: gno\ the basis of the infant’s weight. 1§ the arrhyth-
:;:x: c:;\‘g&eﬂyis ;%\e;n{. 1€ the m!c‘ 15 wmore Toia persists after digitalization, guinidine may
rapd, treatment is more dificult as shock be- be given simultanegusly  with mnintcnm}cc
cames more severe and the ectopic focus is more  doses of digitalis. Small doses 0.( phenobarbital
Ermly estabhshed Shock, as evidenced by orally or of sodum ;ﬂmno\mﬂmn\ wntramusen-
blood pressure and coflapsed perrpheral veins, larly may be administered for Sc(?nhon. Gib-
must be treated by transfusions and sympatho- son * reported successful results with Mechelyl
mimeti¢ drugs such as parednne Congestive i two wfants who appeared moribund; 20
failure, as evidenced by full neck vems, must mgm, were given intravenously without effect,
be treated by porenterally admmistered digi- but five minutes later conversion to normal
tabs Carotd sinus stmulation should be used  sinus vhythm was aclueved with a 14 mgm.
i these patients only with great caution be- dose.

cause of the hazards associated with cerebral — Tachyeardia Following Coronary Occlusion:
vaseulas disease  Ocular pressure may be tried

T these instances the disorder usually is due to
If the arrhythmia still persists, qumdine should  auncular infacction accompanying a paosterior
be used Subsequently, Mecholyl should he myocasdial nfarction ®* o1 to congestive fathire
tried and finally, parenteral quimdine wath de- accompanying the infarction® ' ©% #3489 A
termutation of Wood levels The need for dras-  pointed out by Askey® and others ™ % the
e therapy i these patients 15 confirmed by combination of auricalar tachycardia and myo-
Oux expenence, in the past three years, we have  cardial mfarction 15 rare.®? The POOT prognosis
ZEEn 3 deaths from tachycardia, all in the older of patients with myocardial infarction in whom
g’:’ai;gl'xcg:dia in Tofants: Hore th ) aurteutar tachyeardia develops warrants herowe
rate 1 ontrenm] n (:Imls. uere the a\;\:\cular therapy. In such instances, the physician must
. ¥ rapid, usually around 250 pes  stay with the patient day and night. The com-
wie and occasionally v evcess of 300 Such  bination of shock and failure is ¢ 1
arthythmus bear & grav if allow omon and
grave prognosss if allowed the doctor must cavefully evaluat i clini
fo cantinue untreated ang wntdoubtedly account s Y ovaluate all clinical
for many nstances of death of infants for which ‘:f:]l‘s ,eesx)te cually g““ nec)f vons fn combination
10 cdase cam be found Difficulties m the diag- TF oy o veins and low Llood pres-

X hock i t .
80sts of tachyeardsa i mfant i sure. I 5 s present, treatment with trans.
Chapter 111 The nts are discussed 10 fusion and sympatl
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, time b of the f



328

the blood pressure is adequate digitalis and qui-
nidine may be given intramuscularly, but if
blood pressure is very low, the drugs should be
given slowly intravenously. The diagnosis of
aurfeular infarction is difficult and frequently
impossible. However, if an electrocardiogram
has been taken after the occlusion but before
the onset of the tachycardia, careful perusal for
Ta waves may give a clue as to the diagnosis.

AURICULAR FLUTTER

Flutter with Effective Block and Normal Ven-
tricular Rate: In these instances the ventricles,
protected by auriculo-ventricular block, have a
near normal rate. Since the patient has no
symptoms, no treatment is indicated. Such ar-
rhythmias may continue for years without the
appearance of symptoms.** The patient should
be seen yearly unless symptoms occur,

Flutter with Inefficient Block and Rapid Ven-
tricular Rate: Digitalis is the treatment of
chaice. The purpose here is to mcrease the au-
riculo-ventricular block and thus allow the ven-
tricles to perform at efficient rates. Achieve-
ment of this result usually relieves symptoms.
Sometimes digitalis will convert the flutter to'
fibrillation. It has been stated that upon with-
drawal of the drug the fibrillation will convert
to normal sinus rhythm. We have never ob-
served this latter event, and Bloomfield’s ** re-
view of this problem emphasizes the rarity with
which it occurs. Occasionally digitalis will con-
vert flutter, especially if of the paroxysmal type
and with a relatively slow rate, to normal sinus
thythm.s2 If the flutter is slow, paroxysmal
in ongm, and conversion 15 desired, Mecholyl
may be tried.>® We have seen slow rate flutter
in dogs converted to normal smus rhythm with
acetylcholine. Carotid smus massage is usually
ineffective in terminating the arthythmia and
tends to increase the auriculo-ventricular block.

After digitals has slowed the ventricular
rate and the patient is symptom-frec, in almost
all conditions it is advisable to continue on
maintenance doses of digitalis Auricular flutter
usually occurs in patients with arteriosclerotic

THE AURICULAR ARRHYTHMIAS

heart disease and conversion to normal sinus
thythm is not indicated since relapse to futter
frequently occurs after a short period. How-
ever, if the heart is small and compensation
good, conversion to normal sinus rhythm may
be tried.

Auricular Flutter Associated with Organic
Heart Disease: Auricular flutter with rhenmatic
heart disease is not common. If the myocar-
dium is in good condition, the treatment should
be conversion to mormal sinus rhythm after
digitalization. If the heart is large, the patient
should merely be digitalized.

Auricular flutter, hke tachycardia, may oc-
cur following a myocardial infarction. Most
studies > #3% 455 512 reveal that flutter is more
freguent than tachycardia following myocardial
infarction and bears a grave prognosis. Askey”
found a 100 per cent mortahty rate in such pa-
tients in whom the flutter persisted, and an
85.7 per cent mortality rate in those instances
in which the ventricular rate was 120 or more.
In these instances, time again is important;
termination of the arrhythmia must be accom-
plished guickly. Optimum doses of digitalis and
quinidine are recommended, intramuscularly or
intravenously if the ventricular rate 1s rapdl.
Since these drugs are not without danger in the
presence of myocardial infarction, no medica-
tion should be used 1if the ventricular rate is
normal and po failure 1s present.

AURICULAR FIBRILLATION

Hyperthyroidism must be ruled out as an
etiologic factor in each of the types of auricular
fibrillation described below.

Functional Fibrillation with Slow Ventricu-
lar Rate: This is an infrequent arrhytbmia,
presenting no problem and requiring no treat-
ment.>** The patients come in for routine ex-
aminations without symptoms and without
evidence of heart disease or previous thyroid
disturbance. In such cases the physical ex-
ammation is normal except for irregulanty of
the pulse confirmed by electrocardiogram to
be slow fbrillation. We have observed three
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patients who have exhibited this a.nhyt]lmia for
20 years or more without meapacity. {\s noted
in Chapter XII, cinematographic studics show
that the fibnllating auricle empties fairly well
with httle stagnation and with a substantial
ventricular inflow tract. When such an auricle
was digitalized, however, decreased motion
could be seen The fact that digitalis causes
stagnation of blood, together with the suggested
effect on clotting time, 1 19% 202. 433, 472 may in-
erease the possibilities of thrombr Thus,
nothing is gained by digitalization in this
asymptomatic type of fibrillation and the drug
conceivably could do some harm, By advising
against conversion, we do not imply that fibril-
Iation is as satisfactory as normal sinus rhythm
{Chapter 1), Despite the fact that presumably
cardtac output is decreased in fibnllation, if the
patient has no symptoms, a slow heart rate and
asmall heart, he need not be treated, The phy-
sician should not make a cardiac neurotic of the
patient. Provided he remams asymptomatic,
serly examinations should suffice.

Functional Fibrillation with Fast Ventricular
Rate: This disorder requires drastic treatment,
as failure may oceur quickly. Rapid digitaliza-
tion to slow the ventricular rate may be hfe-
saving Conversion to normal simus rhythm can
then be accomplished We have seen conver.
Son m the presence of profound failure, the
Patient has now heen well for 10 years s ®
Phullips and Levine ** considered a group of pa-
tients without ey wence of heart disease but mn
falure g5 5 result of fibnillation, These workers
recommended conversion to normal sinus rliy-
:};”l‘r‘r’:“}e};sl%]‘he course of. the arthythmia before

Fi ibx-ill:ll‘ione s\::(glf l.’: ftml'me ]}IZIS l?een reached,
sive Heart Diseang o, ; eriosc] cro.hc H}'rp?rten.

resbycardia: This is the
:ols:smf:lxlnmfon cause of aurienlar fibrillation 1t
lhough u’\’zer:ufnﬂ o e]derly patients, and ak-
18 always som:l]‘“" may no% Pe present there
treatment conslstegrefe gf fﬂClDleflt failure The
0 remembor lha: o lg.ltﬂllzat.lon, 1t is well
aMOuNts of the “sular; Zemle patients .fmchonal

oses of digitalis may be

of great help. Conversion to normal sinus rhy-
thm should not be attempted since recurrence
of the fibrillation after a short time is probable.

In rare instances in the absence of hyperthy-
roidism, all attempts to slow the ventricular rate
prove futile and the patient remains in failure.
In such instances, it is best to convert the fibril-
lation to normal sinus rhythm after which com-
pensation may take place and the arrhythmia
will not recur.

Auricular fibrillation is the most frequent
aunicular arthythmia in patients with acute
myocardial farction.™ ® 41 41812 Aglovt hos
reviewed the therapy of this problem; our ex-
perience is in agrecment with the therapeutic
regimen recommended. When fibrillation ap-
pears with the acute episode, conversion should
be done immedhately. 1f the Abnllation appears
several days after the infarction, Askey advises
a delay of 12 hours to determine if the patient
will convert spontaneously. If failure is present,
treatment with quinidine and digitals is indi-
cated

Fibrillation with Mitral Stenosis without Fail
ure: Digitalization 1s the preferred therapy in
most instances since the arthythmia often re.
curs following conversion to normal sinus rhy-
thm. Nevertheless, competent cardiologists of
our acquaintance uniformly try to
mal sinus shythm and attempt to
currence with mamnten

restore nor-
prevent re-

ance doses of quinidine,
Our only objection to this procedure is that if

fibnllation recurs, as we find it often docs, cither
unavoidably or due to failure of the patient to
take the quimdine, the arthythmia returns at ap
extremely rapid and disastrous rate,
Conversion js indicated under two circum-
stances. (1) if the patient js normally el
compensated, the heart js comparatively smgl]
and failure comes on with the presence of fibril-
lation, and (2) if by history the

occurred after larg
drug should be dis
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digitalized. Also, if the rhythm converts back
and forth several times, it is best to digitalize
the patient and discontinue attempts to obtain
permanent conversion.

Fibrillation with Mitral Stenosis with Fail-
ure: These patients have enlarged hearts with
large auricles. Digitalization is the treatment
of choice and may frequently be life-saving.
In this disorder the ventricular rate will serve
as a better guide to effective digitalization than
in normal sinus rhythm, Conversion to normal
sinus rhythm with quinidine usually should not
be attempted.

Fibrillation with Organic Disease with Em-
bolization (Usually Mitral Stenosis): We agree
with Sokolow 5% that in a few selected cases the
treatment is to convert the fibrillation to nor-
mal sinus rhythm if possible, despite the danger
than an embolus will develop at the time of
conversion.” In many instances the emboliza-
tion stops after conversion has taken place. If
attempts to obtain conversion are unsuccesstul,
treatment with anticoagulants (Dicumerol) is
indjcated 112 200, 2504, 577, 676 Jf the patient con-
tinues to have emboli from the appendix, atrial
appendectomy ** is a necessity since an embo-
lus to the brain will probably maim or kill the
patient. In the future the treatment of choice
would appear to be an appendectomy in pa-
tients whose thrombi form in the auricular ap-
pendix. Less danger exists when the thrombi
form in the body of the left auricle since this
arca is less contractile and less active than the
appendix (Chapter I).

Surgical Therapy in Mitral Stenosis: In re-
cent years surgical therapy for mitral stenosis
has Deen gaimng importance. Certainly this
may be the ultimate answer to the problem
since no curative medical treatment is avail-
able. Atrial appendectomy to prevent emboliza-
tion has already proved of value in a few cases.
Commussurotomy 1s promising as the definitive
therapy for mitral stenosis. At the present time
we do not consider the presence of fibrillation
alane to be an indication for commissurotomy,
since such a complication may be well handled

medically. But if appendectomy is to be per-

formed, the advisability of commissurotomy
should be considered since this operation can-
not be done at a later date. The indications for
commissurotomy have not been completely de-
fined but are discussed by Bailey ™" and Har-
ken*® Vith greater use and fmproved tech-
nigues, the operation undoubtedly will become
a more popular form of therapy.

Since patients with mitral stenosis are ini-
tially under the care of an internist, the training
of the surgeon selected to perform these pro-
cedures should be considered. It is erroneous
to believe that even an excellent chest surgeon
can perform intracardiac surgical operations
without special training. The Bnest of surgeons
working under excellent conditions have had
mortality rates well over 50 per cent in therr
carly cases, while later they have reduced the
rate to 10 per cent. Furthermore, many patients
who survived the operation may not have been
benefited or may have been harmed. Thus it is
apparent that special training is invaluable.
Because of the limited number of subjects on
whom the operations can be performed, rela-
tively few chest surgeons need be able to do
these procedures. Those interested enough to
undergo special training should obtain it from
the men who devised these procedures and have
worked on them for years. The novice in cardiac
surgery, no matter how able in other types of
surgery, should profit from the evperience of
the master when mortality can be so greatly
reduced by training. It is to be remembered
that shght errors during a hermorrhaphy may
be of little or no importance while in cardiae
surgety such errors often are disastrons

Fibrillation with Thyrotoxicesis: The funda-
mental treatment here consists of attacking the
hyperthyroadism, We recommend radloach\"e
iodine for routine cases If failure 1s present it
usually indicates the existence of an underlying
heart disease (Chapter XI) which must also be
treated. In the interval of weeks or montl}s
before the radioactive iodine becomes maxl-
mally effective, digtalization may be necessary
The physician should remember that during
this interval the rapid ventricular rate cannot be
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slowed to normal, rates around 90 are satis-
factory. If surgical therapy is used, the pre-

digitalization. Conversion to normal sinus rhy-
thm is accomplished by quinidine after the es-

(RTA +

operative preparation (propylthi il, potas-
sium jodide, sedatives, ete.) should include

of a near normal basal state by
either surgical or anti-thyroid medical therapy.
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digitalized. Also, if the rhythm converts back
and forth several times, it is best to digitalize
the patient and discontinue attempts to obtain
permanent conversion.

Fibrillation with Mitral Stenosis with Fail-
ure: These patients have enlarged hearts with
large auricles. Digitalization is the treatment
of choice and may frequently be life-saving.
In this disorder the ventricular rate will serve
as a better guide to effective digitalization than
in normal sinus rhythm. Conversion to normal
sinus rhythm with quinidine usnally should not
be attempted.

Fibrillation with Organic Disease with Em-
bolization (Usually Mitral Stenosis): We agree
with Sokolow 5™ that in a few selected cases the
treatment is to convert the fibrillation to nor-
mal sinus thythm if possible, despite the danger
than an embolus will develop at the time of
conversion.” In many instances the emboliza-
tion stops after conversion has taken place. If
attempts to obtain conversion are unsuccessful,
treatment with anticoagulants (Dicumerol) is
indicated *® 200, 2804, 575 678 Jf the patient con-
tinues to have emboli from the appendiv, atrial
appendectomy *** is a necessity since an embo-
lus to the brain will probably maim or kill the
patient. In the future the treatment of choice
would appear to be an appendectomy in pa-
tients whose thrombi form mn the auricular ap-
pendix. Less danger exists when the thrombi
form in the body of the left auncle since this
area is less contractile and less active than the
appendix (Chapter I).

Surgical Therapy in Mitral Stenosis; In re-
cent years surgical therapy for mitral stenosis
has been gaining importance. Certainly this
may be the ultimate answer to the problem
since no curative medical treatment is avail-
able. Atrial appendectomy to prevent embohza-
tion has already proved of valuc in a few cases.
Ce wotamy is pre ing as the defimtive
therapy for mitral stenosis. At the present time
we do not consider the presence of fibrillatien
alone to be an indication for commissurotomy,
since such a complication may be well handled
medically. But if appendectomy is to be per-

formed, the advisability of commissurotomy
should be considered since this operation can-
not be done at a later date. The indications for
commissurotomy have not been completely de-
fined but are discussed by Bailey " and Har-
ken® With greater use and improved tech-
niques, the operation undoubtedly will become
a more popular form of therapy.

Since patients with mitral stenosis are ini-
tially under the care of an internist, the training
of the surgeon selected to perform these pro-
cedures should be considered. It is erroneous
to believe that even an excellent chest surgeon
can perform intracardiac surgical operations
without special tiaining. The finest of surgeons
working under excellent conditions have had
mortality rates well over 50 per cent in their
early cases, while later they have reduced the
rate to 10 per cent. Furthermore, many patients
who survived the operation may not have been
benefited or may have been barmed. Thus it is
apparent that special trammg 15 invaluable.
Because of the limited number of subjects on
whom the operations can be performed, rela-
tively few chest smgeons need be able to do
these procedures. Those interested enough to
undergo special training should obtain it from
the men who devised these procedures and have
worked on them for years, The novice in cardiac
surgery, no matter how able in other types of
surgery, should profit from the expenence of
the master when mortality can be so greatly
reduced by training It is to be remembered
that slight errors during a herniorrhaphy may
be of little or no importance while m cardiae
surgery such errors often are disastrous

Fibrillation with Thyrotoxicosis: The funda-
mental treatment here consists of attacking the
hyperthyroidism. We recommend mdioactnf&
iodine for routine cases If failure is present it
usually indicates the existence of an underlying
heart disease ( Chapter XI) which must also be
treated. In the mterval of weeks or months
before the radioactive iodine becomes maxi-
mally effective, digitalization may be necessary.
The physician should remember that during
this interval the rapid ventricular rate cannot be
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i ture of the auricular
concept of the unitary na !
arthythmias is then outlined and the supporting
observations are summarized. ) b

The four auricular arrhythmias prf)ducc by
stimulation of a single site on the auricle exhﬁnt
the following mraphie, elect -
graphic and oscillographic features:

Auricular Premature Systoles: When the rate
at which stinuli are discharged from an experi-
mentally produced ectopic focus is less ﬂ.mn
the rate of discharge from the sinus node, iso-
Tated premature systoles oceur. The contraction
wave initiates at the ectopic focus and spreads
thraughout the contractile portions of the auri-
cles in all directions simultaneously. The pre-
mature beat is identical in all respects to that
of normal sinus rhythm except for its ectopic
site of origin and probably a slightly slower rate
of propagation, The confignration of the auricu-
lar deflection is determined by the site of origin
of the beat; 1t may be 1dentical with the auncu-
tar complex of sinus thythm of the ectopre focus
18 at or near the sinus node
Auricular Paraxysmal Tachycardia: \When
the rate of discharge from an ectopic focus ex-
ceeds the rate of discharge from the simus node,
the ectopic focus becomes the cardiae pace-
maker and aurieular paroxysmal tachycardia re.
sults The appearance of the contraction wave
s wentical with that of premature systoles; it
takes arigm 1n the ectopie focus and spreads
throughout the contractile auricular muscala.
ture 1o all avajlable direchons simu!t:meously.
The ventricles usually respond to each avricalar

Cmematogmphical]y the i
Tate 15 associated with a
of propagation of the co
over the auricles, The auncu],
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the same focus

Auticular Flutter:
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The site of origin and course of the contraction
wave is similar to that of auriewlar parovysmal
tachyeardia and of premature systoles; each
wave arises at the cctopic focus and spreads in
all available directions simultancously, {\gain
the inverse relationship between the auricnlar
rate and the speed of propagation of the con-
traction wave prevails, resulting in a further
shottening of the diastolic period. The l?ng
duration of systole and the extremely short dias-
tole in flutter are responsible for the undulating,
restless electrocardiographic appearance char-
acteristic of the arrhythmia, This undulatory
pattemn is believed to consist of a P' deflection
(wave of depolarization) followed by a bowed
Ta wave (wave of repolarization ) (Chapter
VII). A similar pattern is recorded during
rapid auricular tachyeardia with auriculo-ven-
tricular block. Thus, it s apparent that “avricn.
lar flutter” is simply a vanant of tachyeardia in
which the rate has hecome so rapid that physio-
logic block has appeared, and in which the
focus is uswally in the caudal end of the auricles.
Auricular Fibrillation:  Auricular fibrillation
ensues when the rate of discharge from an ec-
topie facus exceeds the rate at which the auri.
cles are able to respond shythmically, This
“fibnllation threshold” 1 usually hetween 400
to 600 per minute.® Like the previously de-
seribed arthythmias, fibediation is initiated in
a single ectopic focus The motion in the fbril-
lating auricls, however, is enticely different
from that observed n the slower-rate thythms,
Microscapic (A" activity oceurs constantly
ﬂ“““ghmn the contractile awricular muscufa.
ROMEROR 15 seen in no other guric.
ular arrthythmig, Against the background of
¥, macroscopic (“L") waves are
tion waves of t‘}:hmh (!iﬂc;‘ flom the contrac.
mias i two csse(xg\(!i’r]evmm ) Sescribed arehyth.
necessarily arise fr:; l‘e’slpecfs:. '(a) lhcy do not
may spring fromn m the Initiating ff!cus but
ny part of the auricle, and

(b} they trave) in diverse directiong and fre-

Quently change course from one direction to

38 found m gy
usually lowey
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CHAPTER XVIII

The Unitary Nature of the Auricular Arrhythmias

Tie screnmst constantly strives to explain a
diversity of observations in terms of as few
fundamental principles as are consistent with
the known facts. To this end, the study reported
in this monograph has been designed to explore
not only the character of each of the four au-
ricular arrhythmias but also their basic simi-
larities and differences. The present chapter is
devoted to a marshaling of observations, both
experimental and clinical, concerning the rela-
tionship between auricular premature systoles,
tachycardia, flutter and fibrillation. From these
observations has evolved the concept of the uni-
tary nature of the anncular arrhythmias.

That a close relationship exists between the
various auricular arrhythmias has long been
suspected clinically and was proposed by cer-
tain members of the Viennese school of cardiol-
ogy at the turn of the century. In 1912 Lewis,®%
3 a5 a result of extensive clinical investigation,
advanced the following theory of the kinship of
the arrhythmias: “In an article written in con-
junction with Dr. Schleiter, I have already
drawn attention to the close relation between
paroxysmal tachycardia of auricular origin and
auricular fibrillation. The conclusion that they
are part and parcel of the same pathological
process was supported by a number of facts,
none of which were more noteworthy than the
frequent occurrence of the two conditions in
the same patient, and especially the immediate
passage of one to the other. The argument ap-
plies even more strongly to auncular flutter, for
in 13 cases of the present series auricular fibril-
lation occutred in seven, and in six, one condi-
tion passed directly into the other. The separate

mechanisms must be very closely related; and it
is probable that they have a similar pathogeny.
The occasional occurrence of tachyeardia of a
more simple form (Case 2) and the frequent
occurrence of single premature beats in the
same patients when a sinus rhythm has been
re-established (they were present in five out
of the six cases in which the normal mechanism
was observed) seems to connect flutter with the
remaining auricular mechanism in which dis-
turbing beats are found The conclusions that

1. Single premature auricular contractions.

2. Small groups of the same.

3 Paroxysms of tachycardia from single
auricular foei,

4. Auricular flutter.
Paroxysms of tachycardia from two or
more aaricular foci,

6. Auricular fibnllation,

anse essentially in the same manner, namely,
through the pathological or heterogenetic ori-
gun of new impulses in the auricle, are cleatly
suggested by the facts at our disposal” Sub-
sequently, Lewis *® abandoned this view and
attributed to auricular flutter and fibnillation a
mechanism different from that common to au-
ricular premature systole and tachycardia.
Despite widespread awareness among chni-
cians of the close relationship between these
disorders, convincing evidence of thew common
origin has not hitherto been advanced. We be-
lieve our experimental study provides such evi-
dence. For purposes of review, the essential
features of each of the experimentally produced
auricular arrhythmias is bricfly restated. The

[832]
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m the auncle 15 always upmght, comersely P wate in
anthythonas from low focus 18 always imerted  Elcctra-

cardiograms taken at donble speed.

Electmcmdsogmms taken during such an ex-

lia ap-
pear At rates of stunulation betw een approxs-
mately 350 and 400 per rmnute, the flms repre-
sent auncular Sutter  Rates above 400 stimuk
per mimute evoke auricular Bhrllation.

that cely in-
g mates of electrical stimulation at a

single site on the auricle of a given anmal may
evoke all four auncwlar arthythmias seriatim
{Figure 208}, Thus the mode of origin of the
aurfculas arrhythmias as determined cinemato-

PIog
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another. The electrocardiographic and oscillo-
graphic appearance of fibrillation also differs
markedly from that of other auricular arrhyth-
mias. This difference is particularly evident
on oscillographie tracings in which small deflec-
tions occurring at rates up to 20,000 per minute
are inscribed. Such deflections are not present
in the other rhythms and probably represent
the electrical counterpart of the microscopic
activity seen in the motion picture.

The auricles are capable of orderly contrac-
tion through a wide range of rates. Unlike the
ventricles, they have no organized conducting
system. In normal sinus rhythm, the impulse
starts in a single cell or group of cells in the
sino-auricular node and is propagated from
cell to cell, spreading in an orderly wave-like
manner m all directions. In auricular premature
systole, auricular paroxysmal tachycardia and
auricular flutter, the impulses are formed jn an
ectopic focus from which the contraction waves
spread in all directions, again traveling from
cell to cell in orderly sequence. When the rate
of discharge from the ectopic focus reaches the
fibrillation threshold, conduction fails and
the rule of orderly transmission from cell to cell
is broken. Auricular fibrillation is then present.

The close relationship between the experi-
mentally produced auricular arrhythmias is
implicit in the above description of these dis-
orders. The four arrhythmias have a common
mode of origin, namely, the emission of stimuli
from an ectopic focus in the auricles

In the expenmental animal, when all other
circumstances are controlled, which of the four
arthythmias will prevail is determined solely by
the rate of discharge from the ectopic focus.
If the rate is Jess than that from the sinus node,
auricular premature systoles will occur. If the
rate exceeds that from the node, the ectopic
focus becomes the cardizc pacemaker In a
given experimental animal, if the normal sinus
rate is 100 per minute, when the ectopic focus
discharges at a rate of approximately 150 to 250
per minute, aunicular paroxysmal tachycardia
results. At rates of 250 to 400 per minute, au-
ricular flutter is usually present. When the rate

exceeds 400 to 600 per minute, the auricles usu-
ally are no longer able to respond rhythmically
and auricular fibrillation results. Clinically and
experimentally, this sequence is modified by
a number of factors including age, vagal tone,
anoxia, location of the ectopic focus, condutc-
tivity, and the general health and nutritive state
of the auricular musculature.

The contraction waves and clectrical im-
pulses in auricular premature systole, auricular
paroxysmal tachycardia and auricular flutter ini-
tiated at the same ectopic focus are identical in
site of origin and course of propagation; they
consistently arise at the focus and spread out-
sard in all available directions through the au-
ricular musculature. The distinguishing cinema-
tographic and electrocardiographic features of
each of these three arthythmias develop gradu-
ally as the rate of discharge from the focus
progressively increases or decreases, indicating
that no basic change in mechanism occurs dur-
ing the transition. Only when the fibrillation
threshold is reached (at a rate of discharge of
approximately 500 impulses per second) do uni-
que characteristics appear abruptly, in the form
of chaotic mechanical and electrical activity
occurring in minute muscle segments through-
out the auricles. Whatever the precise nature of
the electro-biochemical changes underlying
these phenomena, the chaotic activity in the
fibrillating auncle is directly related to the
rapid rate of discharge of stimuli from the ec-
topic focus.

This 15 the concept of the unitary nature of
the auricular arthythmias. It is derived from
the following 11 observations.

OnservaTion 1. EFFECT oN AURICULAR RinyTi
OF PROGRESSIVE INCREASES IN THE RATE
oF ELECTRICAL STIMULATION OF THE AURICLES

Single induction shocks at progressively in-
creasing rates are sent into the auricles at a
single focus while high speed cinematographs
of the auricles are recorded. When the rate of
electrical stimulation is less than the rate of dis-
charge from the sinus node, the films reveal
occasional premature systoles. As the rate of
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graphically and  electrocardiographically  is
identical; the rate of stimulation determines
which arrhythmia is produced.

OBseRvATION 2: RELATION OF ACONITINE
CONCENTBATION TO THE PRODUCTION OF THE
AURICULAR ARRHYTHMIAS

On repeated occasions we have produced all
the auricular arrhythmias in a single animal by
applying various concentrations and quanti-
ties of acanitine to a small circumscribed area
on the dried surface of the auricle. Considerable
variation in sensitivity exists from animal to
animal. Our impression is that in many in-
stances 0.05 per cent aconitine applied in this
manner results in the production of scattered
auricular premature systoles, 1 per cent aconi-
tine produces auricular paroxysmal tachycardia,
a L5 to 2.0 per cent solution evokes auricular
flutter, and 8 to 10 per cent aconitine initiates
auricular fibrillation. The production of auricu-
Iar fibrillation in young animals has in our ex-
perience sometimes been difficult. Any of the
arrhythmias may be produced by repeated ap-
plication of weaker aconutine solutions.

The ciematographic appearance of an auric-
ular arrhythmia from a given focus discharging
at a given rate is wdentical whether the disorder
is initiated by aconitine application or electrical
stimulation. That is, each of the four auricular
arrhythmias produced by varying the concen-
tration of aconitine applied to the focus is cine-
matographically identical with its counterpart
in the series of arrhythmias produced by vary-
ing the rate of electrical stmulation. Thus the
conclusion seems reasonable that a given con-
centration of aconitine has the same ultimate
effect on the auricular musculature as a given
rate of electrical stimulation. Presumably a low
concentration of aconitine, like a Jow rate of
stimulation, occasions the formation and dis-
charge of relatively few impulses at the ectopic
focus; the discharge of these impulses results
in premature systoles. Higher concentrations of

aconitine, like more rapid rates of electricat
stimulation, set up a rapidly discharging focus
and the more rapid-rate arthythmias are ob-

tamed. That mere variation in the concentra-
tion of the exciting agent produces four basically
different disorders would appear unlikely. A
more reasonable interpretation of the above
observations is that the four auricular arthyth-
mias are forms of the same fundamental dis-
turbance.

OpservaTION 3: EFFECT OF TEMPERATURE
Cxaxces on e Aconmine Focus

Aconitine is applied to the surface of the au-
ricle in 2 concentration sufficient to produce
auricular fibrillation. Continuous direct auric-
ular and indirect limb lead electrocardiograms
are taken. When fibrillation is established, the
aconitine focus is cooled by ethyl chloride spray
or by the direct application of ice. As the cool-
ing progresses, a transition from fibrillation to
flutter usually is recorded, followed by the suc-
cessive appearance of auricular parovysmal
tachycardia, premature systoles and finally sinus
rhythm. Frequently, one or all of the rhythms
intermediate betwceen fibrillation and sinus rhy-
thm fails to appear.

When the cooling is discontinued and the
aconijtine focus is allowed to thayw, the arthyth-
mias usually recur in the reverse order. Not
infrequently, one or more of the rhythms inter-
mediate between sinus rhythm and fibrillation
may oceur too briefly to be distinguished or may
be absent. Occasionally, an arrhythmia other
than fibrillation persists for a prolonged period
of time. By the judicious application of aconi-
tine and cooling agents, any desired arrhyth-
mia usually can be produced and mamtained
for periods long enough to permit adequate
study.

As is true of chemical phenomena in general,
the biochemical and electrical activity jmitiated
by the aconitme probably is decreased by the
cooling process, which in turn dimintshes the
rate at which stimuli are emitted from the focus
Conversely, warming increases the chemical ac-
tivity of the focus, thus increasmng the rate of
discharge of stimuli. In terms of the ultimate
effect on auricular function, varying the tem-
perature of the focus 1s comparable to varying
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uce transition from tachycardia (A)

to flutter {B) Note that P’ waves of the tno arhythmuas are sdmost identical,

the concentration of aconitine or the rate of
electnical stmulation Fach method alters the
thythm by mcreasing or decreasmg the rate of
discharge from the focus. A similar effect oc-
curs when the temperature on the simus node is
altered; cooling the node slows the cardiac rate
while the application of heat to the node results
m marked cardiac acceleration

Osstrvatiov 4 Civenatocaarmc APPEARANCE
OF THE EXPENMENTALLY PRODUCED ARRHYTIDNIAS

In agh speed cinematographs of the aurieu-
Tar arrhythmias, the contraction waves of pre-
mature systoles, auncular paroxysmal tachy-
cardia and fugter are essentially identical in
appeatance. Each starts at the ectopic focus
and travels through the auricles m a) directions

the contraction way, es arise and traverse the qu.
ricle differentiate the cmematographic appear-
ance of the three arthythmuas, The motion 1
the fballating auncle differs from that seen
m the slower rate rthythms

Osservamioy 5, Conrreuration op THE
Avriciiar D 055 IN DIRECT Atmcuran
EAD ELszocAn»mcmus OF Tk
Expmx\xx\'uuv Probucen ARRITYTIA(1Ag

In Innumerable mstances direct auricnlar
fead clectmcardmgmms were recorded while
the four auriculay arhythmias were produced
from a single ectopic focus, These tracings con.

sistently show that in a given animal the con-
figuration of the P waves recorded in direct
auricular leads is jdentical in premature sys-
toles, auricular paroxysmal tachycardia and flut-
ter (Figure 809). In each of these arrhythmias
2 pure negative deflection is recorded from clee-
trodes at the focus; the positive pertion of the
deflection becomes Tnrger as the distance ho-
tween the electrode and the foeus js increased,
Thus the site of origin and course of the elec.
trical smpulse is identical in these three arrhyth.
muas; it arises at the focus and spreads outward
through the anricular museulature. This finding
parallels our cinematographic obseryvation ron-
cerning the identical site of origin and course
of the contraction way es of premature systoles,
tachyeardia and futter from the same foeus, As
mught Iie anticipated from the cinematographs,
the onset of fibrillation is marked by a distinet
change in the configuration of the auticular
complexes in direct Jead clectrocardiograms.

NORMa

L PREMATURE  AURIGULAR
RMYTH

SYSTOLE  TatHycARpia

RIGH AUF\CULIRV A /1

MID AURICYLAR .“r‘ J'{ .1/

LW suricuLar JL V Y

Figure 810 Theee simultaneous cgoph,
nd Vatons pares of auricle durnng

FLUTTER

4
&

~

ageal leads from be.
normal sinug shythm,
tachyeardia and an.
1005 are identical g
*ee arthythmuas, the cctopie {
ractes and the impaleg o g1, CHOPLE focus
k s upward, -
MY n0rmal ginyg thythm the impulse stapg Mpsx’nu-nug:rl-
Iar node and travely downward

e mtnasicoid
Al taeings dunng thg erod deflect



338

OssERVATION 6: CONFIGURATION OF THE
Auricuran DErFLECTIONS IN EsopHAGEAL LEAp
ELECTROCARDIOGRAMS OF THE CLINICAL
AURICULAR ARRHYTHMIAS

The shape of the auricular deflections of an-
ricular premature systole, anrieular tachycardia
and flutter in esophageal lead electrocardio-
grams (Figure 810) recorded from man resem-
ble those in direct lead electrocardiograms from
experimental animals. Records from electrodes
at the focus exhibit a pure negative deflection;
the deflection becomes more positive as the
electrode is moved away from the focus. This
obseryation suggests that the site of origin and
course of the electrical impulse in these three
arrhythmias from the same focus js similar
whether the disturbance is spontaneous or ex-
perimentally produced

OsSERVATION T: CONFIGURATION QF THE
Avricorar Derrecrions ¥ Inpmecr Leap
ELECTROCARDIOGRAMS OF THE EXPERIMENTALLY
Propuced aND CLINICAL AURICULAR
ARRHYTHMIAS

Auricular premature systoles are produced by
the local application of aconitine to the wall of
the auricle. Continuous electrocardiograms re-
cording limb Jeads 1, 2 and 8 are taken as the
thythm spontaneously changes from auricular
premature systoles throngh auricular paroxys-
mal tachyeardia and auncular flutter to fibrilla-
tion (Figure 311).

As the auricular rate progressively increases,
the configuration of the auricular complexes
undergoes a progressive change from the nar-
row, sharp deflections of auncular premature
systales ta the characteristic undulatory pattern
of flutter. Dunng the transition from auricu-
lar premature systole to auricular paroxysmal
tachycardia the aunenlar deflection retains sts
same general contour (Figure 811A and B).
As the auricular rate contmues to increase a Ta
wave appears and gradually grows larger until
finally the typical flutter undulation appears
(Figure 811C and D). The isoelectric interval
between auricular deflections becomes progres-
sively shorter and finally may disappear with
the development of the undulatory pattern. No

THE AURICULAR ARRHYTHMIAS

abrupt change in the contour of the auricular
deflections occurs during the transition from
auricular premature systole through zuricular
tachycardia to flutter, indicating that the elec-
trocardiographic differences between these ar-
rhythmias reflect differences in degree rather
than in mechanism of the fundamental disturb-
ance,

Limb lead and chest lead electrocardiograms
of the clinical arthythmias exhibit a similar
gradual transition in the configuration of the
auricular deflections, The P’ waves are similar
in tracings of auricular premature systoles, slow
auricular paroxysmal tachycardia, fast auricular
paroxysmal tachycardia and flutter. The mam
differences consist of the occurrence of Ta
waves at rapid auricular rates and the develop-
ment of auriculo-ventricular block in futter.

We have studied mapy tracings from patients
in which two or more arrhythmias are repre-
sented. Only when fibrilation develops does
the shape of the P’ wave change.

Osseavationy 8. THE AcTioN OF DRUCS ON THE
EXPERIMENTALLY Propucep Axp CLiwican
AURICULAR ARRHYTHMIAS

The mode of action of quinidine and digitalis
on the auricular arrhythmias provides collateral
evidence of the unitary nature of these disturb-
ances Clinically, qumdine may terminate any
of the auricular arrhythmias and restore normal
sinus thythm. Experimentally, the mntravenous
admumistration of quinidine often converts fibril-
lation to sinus rhythm via a gradual transition
through flutter, auricular paroxysmal tachycar-
cha and auricular premature systoles (Figure
297, Chapter XV1).

A similar transtion has been obtained with
digitalis, although this drug more frequently
fails to evoke one or more of the intervening
arthythmias.  Sokolow and Chamberlain ***
have made similar observations m man,

Osservation 9: Inciexce o TIE CLivicaL
ARRHYTIHMIAS

The concept that the auricular arrhythmias
represent different degrees of severity of the
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OnservaTioN 6: CONFIGURATION OF THE
AURICULAR DEFLECTIONS IN EsopHaceAL Leap
ELECTROCARDIOGRAMS OF THE CLINICAL
AURICULAR ARRHYTHMIAS

The shape of the auricular deflections of au-
ricular premature systole, anricular tachycardia
and flutter in esophageal lead electrocardio-
grams {Figure 810) recorded from man resem-
ble those in direct lead electrocardiograms from
experimental animals. Records from electrodes
at the focus exhibit a pure negative deflection;
the deflection becomes more positive as the
electrode is moved away from the focus. This
observation suggests that the site of origin and
course of the electrical impulse in these three
arthythmias from the same focus is simirar
whether the disturbance is spontaneous or ex-
perimentally produced.

OBservATION 7 CONFIGURATION OF THE
AvricoLan Derrecrions ¥ Inpmmscr Lean
FELECTROCARDIOGRAMS OF THE EXPERINMENTALLY
ProbuCcED AND CLINICAL AURICULAR
ARRHYTIIMIAS

Auricular premature systoles are produced by
the local application of aconitine to the wall of
the auricle. Continuous electrocardiograms re-
cording limb leads 1, 2 and 8 are taken as the
rhythm spontaneously changes from auricular
premature systoles through auncular paroxys-
mal tachyeardia and auncular futter to Bbrilla-
tion (Figure 311).

As the auricular rate progressively mereases,
the configuration of the auricular complexes
undergoes a progressive change from the nar-
row, sharp deflections of auricular premature
systoles to the characteristic undulatory pattern
of flutter. Dunng the transition from auricu-
lar premature systole to auricular paroxysmal
tachycardia the auricular deflection retamns its
same general contour (Figure 3114 and B).
As the auricular rate continues to increase a Ta
wave appears and gradually grows larger until
finally the typical flutter undulation appears
(Figure 311C and D). The isoelectric interval
between auricular deflections becomes progres-
sively shorter and finally may disappear with
the development of the undulatory pattern. No

abrupt change in the contour of the auricular
deflections occurs during the transition from
auricular premature systole through auricular
tachycardia to flutter, indicating that the elec-
trocardiographic differences between these ar-
rhythmias reflect diffeiences in degree rather
than in mechanism of the fundamental disturb-
ance.

Limb lead and chest lead electrocardiograms
of the clinical arrhythmias exhibit a similar
gradual transition in the configuration of the
auricular deflections. The P’ waves are similar
in tracings of auricular prematue systales, slow
auricular paroxysmal tachycardia, fast auricular
paroxysmal tachycardia and flutter. The main
differences consist of the occurrence of Ta
waves at rapid auricular rates and the develop-
ment of auriculo-ventrienlar block in flutter.

We have studied many tracings from patients
in which two or more arrhythmias are repre-
sented. Only when fibrillation develops does
the shape of the P’ wave change.

Osservatrony 8; THE ActioN or DRucs oN THE
EXPERIMENTALLY Propucen anp Cuivicar,
AUBICULAR ARBHYTHMIAS

The mode of action of quinidine and digitalis
on the auricular arrhythmias provides collateral
evidence of the unitary nature of these disturb-
ances. Chnpically, quinidine may termmate any
of the anricular arrhythmias and restore normal
sinus thythm. Experimentally, the intravenous
administration of quinidine often converts fibrl-
lation to sinus rhythm via a gradual transition
through flutter, auricular parovysmal tachycas-
dia and auricular premature systoles (Figure
297, Chapter XVI).

A similar transition has been obtamed with
digitalis, although this drug more frequently
fails to evoke one or more of the intervening
arrhythmias.  Sokolow and Chamberlain ***
have made similar observations in man.

IxciENCE oF THE CLINICAL
ARREYTIINAS

OBSERVATION §-

The concept that the auricular arrhythmias
represent different degrees of severity of the
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Figure 812  Auncular arthythmias followsng  cathetenza-
tion of heart Upper 3 tracings from a single patient ex-
lar tachy card
y

AURIGULAR TAGHYGARDIA

o gt el iy
flutter and fibrillaion  Lower tracing tahen trom another

patient dunag cardiac cathetenzation demonstrates auricu-
lar tach da {Courtesy of Dr D M Green)

hibitmg systoles,

same fundamental disturbance is consistent
with the known facts concerning the relative
clinical frequency of these disorders. Thus au-
ricular premature systole, presumably the mild-
est form of the disturbance, is the most com-
mon of the arrhythmias and occuis with greatest
frequency among young and healthy individ-
uals. On the other hand, in diseased hearts and
in aged persons, where the specific disturh-
ance is apt to be more severe and the fibrillation

threshold lower, the incidence of aurtcular fibnl-
Iation is greatest. Auricular paroxysmal tachy-
cardia occupies an intermediate posifion with
regard to the severity of the fundamental dis-
turbance, hence it is less common than auricular
premature Systoles among young and healthy
individuals, and less common than auricular
fibrillation among aged persons and in diseased
hearts. When the disturbance is more severe
than in tachycardia, 2 eircumstance most Tikely
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Figure 315 Electrocardiograms from patient with
complete heart block. The presence of the block
facihtates sdentification of deflections

(A) At aunrcular rate 187 per nunute the

to occwr in association with advanced age or
disease, auricular flutter results. However, flut-
ter is the rarest of the auricular arrhythmias
because it occurs in a very narrow rate range
and because it frequently converts to fibrillation
due to Jowering of the fibrillation threshold in
aged persons and in diseased hearts. Flutter is
usually the most difficult arshythmia to praduce
and maintain during animal experiments.

OsseRvaTION 10: PRODUCTION OF ARRHYTHAMIAS
BY MECHANICAL STIMULATION OF THE HEART
IN EXPERIMENTAL ANIMALS AND IN MAN

We have induced all four auricular arthyth-
mias in the dog with an imtable auricle by
mechanically teasing the auricular wall. Sim-
ilarly, by mild stimulation of the human au-
ricle we have produced auricular premature
systoles and auricular paroxysmal tachycardia.
A counterpart of these experiments is the occur-
rence of auricular premature systoles,®® flut-
ter ** and fibrllation *! following trauma to
the human heart. A variety of arrhythmias may
be precipitated by surgical procedures in the
heart or lung {Levine).*"*

Intra-cardiac catheterization has been fol-
lowed by various arrhythmias, including auric-

deflections are characteristie of auncular tachy-
carcha

{B) Rate increased to 375 per mnute The
tracing resembles flutter.

(C) Fibrillation 1s present

ular premature systoles, auricular parovysmal
tachycardia and flutter (Figure 312). Such in-
stances are not necessarily due to direct cardiac
trauma to the heart as the arthythmia some-
times occurred before the catheter 1eached the
heart

The fact that each of the auncular arthyth-
mias can be produced in man and in the dog
by mechameal stimulation of the auricular
myocardium may be considered as indirect evi-
dence of the fundamental similarity of these
disorders.

OsservaTioN 11: CLINICAL ASSOCIATIONS AND
TRANSITIONS BETWEEN THE ARRHYTHMIAS

The occurrence of two or more of the au-
ricular arthythmias in a single patient is a com-
mon chnical observation,®® % 3% 357653 Per-
sons who suffer from auncular paroxysmal
tachycardia or paroxysmal fibrillation often ex-
hibit premature systoles during the guiescent
intervals. A given patient may undergo rapid
transitions from one thythm to another or may
exhibit each of the arrhythmias at different ex-
aminations. In numerous patients with mitral
stenosis the gradual evolution of permanent
auricular fibrillation from premature systoles
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experimentally produced suricutar arthythmias
s identicgl. All observed differences belw'een
these disorders ave dizectly related to variations
s he sate of discharge from the initiating ee-
{opic forns.

Clinteally, the relationship between the au-
ficalar anhythntas may be tess cleatly deﬁne.d.
The concept of the unitary natwre of these dis-
ordets is supported by the frequent occursence
of two or more of the arthythmias in a single pa-
tieat, oceasionally within a few minutes; by ces-
tan similarities in their response to quinidine
aad digitahs; by the occurrence of all four ar-
thythmias following trauma to the heast; by
the basic similarity fn the configuration of the
anncular deflections of sunicular premature
systoles, tachycardia and Butter i esophageal,
fimb and chest lead electrocardiograms; and by
the difficulty often tered by clinied!
in differentiating frequent p systoles
from tachyeardia, tachycardia with muriculo-
vertnentar block from Sutter, futter with ven-
tricular aberration from fbrillation. Fimally, the
consistent finding that all omematographic,
electrocardiographic and  oscillographic fea-
tures of the auricular arthythmias d trable
in human subjects are similar 1o those observed
m the experimental animal provides convine-
ng evidence that the relationship established

tated certain distinctions the hehaviar and
prognosis of the various arthythmias cannot ‘bc
challenged. But the assumption {hat these clin-
ical distinctions necessarily Imply the existence
of fundamentally different mechanisms is nat
warrapted by the experimental facts. "ﬂmt such
apparently diversified conditions as innocuous
premature systales and a fatal tachycardia are
merely different forms of the fundamental dis-
turbance may appear improbables it is not, how-
ever, unparaficled. An analogy may be drawn
with pulmonary tuberculosis, A calcified Ghon
complex and rapidly fatal tubereulosis present
widely divergent clinical pictures, yet their
origin from the tubercle bacillus, and the essen-
tial nature of the underlying distushance is
identical.

The reduction of four clinically distinct au-
ricular arshythmias to a common mode of origin
helps ta clasify a previously confused relation-
ship. Clinieal simitarities are readily understood
m terms of this coneept, while bitherto vnex-
plained clinfeal difierences may be correlated
with differences in auricolar rate. Most impor-
tant, the elucidation of the mec of the
arthythmias places treatment, heretolore em-
pinez), on a rational basis and may well lead
to improvements in therapy as further knowl-

by experimental methods also exists chnically.
It 15 generally recognized that climeal auncular
Dremature systole and auricular paroxysmal
tlachycardxa sre basically stmdar, this mpres-
sion 25 canfiamed by our observations of the ex-
per fy produced disorders i human sub-
jects Lakewsse, the close association between
clinteal auncular Butter and Kbrallation is well
known ‘The fact that clinicians have long been
on uncertain ground when attempting to duf-
ferentinte vapsl tachyeardia from fiutter indi-
cates that these twa arthythmias also are
fundamentally identical On the other hand, as
discussed m Chap! ¢

ter IX, tachycardia and flutter
exhibit certain distinguishi g chuical feat

edge is obl 1 concerning the pharmacalogy
of vanous drugs,

The four auricular arrhythmias produced in
experimental animals as deseribed in this mono-
graph differ in degree rather than in nature of
the underlying distusbance. Tn our epinion, the
existence of a simifar relationship between the
four climeal auricwlar arthythmias has been
;]’::molmgmted, Whether the unitary nature of

e chaical icula rthmias i
ot ;u:::si\; ‘aﬁ\,m) :hs?)fas is considered
upgn ;h(: Judgmr . T
and, ul timz\iﬂy, wpeun L results i
vestigation, We submit this conce;tf :;:1;;'}::0}1;0!;\;

which cannat be fully expl, i
reseis vt y explaned m the light of

The vast chiniesl experience which has die-

that it will prove of value to medical students

to clinivians and 1
0 other research 3
cerned with the stud o con-

s and trea
aurienlpr arrhythmiasAy treatment of the
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nght appendix, ventral to the S-A node, thus, note that wm Figure 316 the P’ waves are
upnght and simlar to those 1 normal smus thythm

through auricular tachycardia, flutter and parox-
ysmal fibrillation 15 observed. Occasionally,
three or four arthythmias are present in a single
electrocardiographic record (Figures 813, 314
and 315).

After coronary occlusion with auricular n-
farction we have frequently observed many of
the auricular arrhythmias n rapid succession
(Figures 316 and 317) Itis unlikely that dis-
orders having radically different mechanisms
should occur 1n a single heart m the course of
a few moments.

DISCUSSION

The cinematographic, electrocardiographic

and oscillographic observations made durng
the course of our study of the auricular arrhyth-
mis reveal the answers to many questions con-
cerming the relationship between these dis-
orders. Experimentally, any or all of the ar-
rthythmias may be initiated by either electrical,
chemical or mechameal stimulation which sets
up a discharging ectopic focus at a given site
on the auricles. Regardless of the method of
production, the rate of discharge of stimuli from
the focus determines which arrhythma occurs.
Excision of the focus converts any of the ar-
rhythmias to normal sinus rhythm. In our opimn-
ion, this series of observations establishes be-
yond question that the mode of origin of the
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expenmentally praduced auricular arthythmias
is identical. Al observed differences bctw(een
these disorders are directly related to variations
in the rate of discharge from the initiating ec-
topic focus.

Clinically, the selationship between the au-
ricular arrhythimias may be less cleatly dcﬁne.d.
The concept of the unitary nature of these dis-
orders is supported by the frequent ocenrrence
of two ar mare of the arrhythmias in a single pa-
tient, occastonally within a few minutes; b){ cer-
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tated certain distinctions in the behaviar and
progrosis of the vatious arthythmias cannot l;c

hallenged. But the ption that these elin
ical distinctions necessarily imply the existence
of fundamentally different mechanisms is not
warranted by the experimental facts. That such
apparently diversified conditions as innocuous
premature systoles and a fatal tachycardia are
merely dillerent forms of the fundamental dis-
turbanee may appear improbable; it is not, how-
ever, unparalieled. An analogy may be drawn

tain sumlarities in theic resp to g
and digitalis; by the vccurrence of all four ar-
thythmas following traurma to the heast; by
the basic similarity in the configuration of the
auticular deflections of auricular premature
systoles, tachycardia and flutter in esophagea),
limb and chest Jead electrocardiograms; and by
the difficulty often encountered by clinicians
in dfferentiating frequent premature systoles
from tachyeavdia, tachycardia with auriculo-
vetricular block from flutter, flutter with ven-
trewlar aberration from fbnilation  Finally, the
consistent findmg that all cinematographic,
electrocardiographic and  oscillographic fea-
tures of the auricular arthythmias demonstrable
in human subjects are similar to those observed
in the expenmental animal provides convine-
ing evidence that the relationstup established
by expenmental methods also exists chmeally.
Tt s generally recognized that chimeal suncalar
premature systole and auricular parovysmal
tachycardia are basically simiar, this impres-
s10n is confirmed by our observations of the ex-
per i duced di m human sub-
fects  Likewise, the close assoointion between
chmceal auriculor flutter and Sbrillation 15 well
];:0::@'&‘5 fact that chmeians have long been
feventiat ® ground when attempting to dif-
) tle apid tachycardia from flutter indi-
cates that these hwo arrhythmias alse are
g\‘“d““\e(;‘\a\\élldentmal. On the other hand, as
sseussest in Cha N ’
extibit certan ’{’ *E‘Y - t??hycz;‘fllii;m’l ﬂ:“tcr
which cannot be fig -
present \nnw]edgeny explaaned un the lght of

The vast chimeal experience which has die-

with pul y tubereulosis. A calcified Ghon
complex and rapidly fatal tubesculosis present
widely divergent clinical pictures, yet their
origin from the tubercle bacillus, and the essen-
tial nature of the underlying disturbance is
identical.

The reduction of {our clinically distinet au-
ricular archythmias to 2 common mode of origin
helps to clarify a previously confused relation-
ship. Clinical similarities ar¢ readily understood
in terms of this cancept, while hitherto wnex-
plained clinical differences may be correlated
with differences in auricular rate. Most impor-
tant, the clucidation of the mechanism of the
arrhythmias places treatment, lierctofore em-
pirical, on a rational basis and may well dead
to impravements in therapy as further knowl-
edge is obtained concerning the pharmacology
of various drugs.

The four archythanias produced in
experimental animals as described in this mono-
graph dilfer m degree rather than in nature of
\\“‘: wnderlymg disturbance. In our opinion, the
existence of a similar relationship between the
fl:;;oﬁlsl::;?d a:l{;‘lcu]ar arthythmias has heen

. Whether the unita
the chinical auricula fae 1o ot of
ar atthythmiac i eanett- 1
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o v wen e Tesults of further ine
;r}fsngatxon. We subumt this concept in the hope
at it will pr alue to medical students,
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APPENDIX

Methods and Equipment

A somnTiFic research, regardless of the in-
herent dificulties of the problem under investi-
gation, is qualified by the capacity and accuracy
of the equipment available. In the study re-
ported in this monograph the nature of the au-
ricular arrhythmias has been examined with
new as well as previously applied experimental
methods and equipment. Electrocardiographic,
cathode-ray oscillographic and high speed cine-
matographic techniques were employed in both
man and animals, and the results correlated
whenever possible, The present section consists
of (1) a summary of the methods of study on
humans and dogs; and (2) a detailed descrip-
tion of the specific apparatus, some of which is
new to the field of cardiology.

METHODS OF STUDY ON MAN
SPONTANEOUS ARRHYTHMIAS IN MAN

The auricular arrhythmias ~ premature sys-
toles, paroxysmal tachycardia, flutter and fibril-
lation —- were studied in human subjects ex-
hibiting the spontaneously arising disorders. In
each instance simultaneous multiple electrocar-
diograms were recorded using various combina-
tions of standard, unipolar limb and precordial
leads. Many of the subjects also were examined
by means of simultaneous esophageal leads
from several aunicular levels. In addition, limb
and esophageal Jeads from patients with auric-
ular flutter and fibrillation were recorded on the
dual-beam cathode-ray oscillograph. High-
speed cinematographs of the left auricle were
taken simultaneously with electrocardiograms
in two instances of auncular fbrillation. The
electracardiographic, oscillographic and eine-

matographic equipment used in these studies
is described later in this section,

In all unipolar lead electrocardiograms the
indifferent electrode was Wilson’s central ter-
minal.ﬁﬁl, 62, 803, 064, 663

Simultaneous esophageal lead electrocardio-
grams were obtained from high, middle and low
auricular levels; in most instances one unipolar
limb lead was also recorded and the pattern
correlated with that in the esophageal lead trac-
ings. When records from the esophagus were
made on the dual-beam cathode-ray oscillo-
graph, either two esophageal leads or one uni-
polar limb lead and one esophageal lead were
recorded simultaneously. In several patients
auricular intrinsicoid deflections in precordial
leads were so prominent that the course of the
excitation wave of the arrhythma could be
charted by taking numerous leads from adjacent
areas over the entire chest.

EXPERIMENTALLY PRODUCED
ARRHYTHMIAS IN MAN

Aurscular premature beats and paroxysmal
tachycardia were produced evperimentally m
18 human subjects during surgical procedures
in the thorax (Chapter IV). The pericardium
was opened and the auricules stimulated under
direct wision in 13 of the patients. Because
of pulmonary tuberculosis or other danger of
contamination, the pericardial cavity was not
opened in the remaining five subjects; these
instances various parts of the auricles were
readily jdentified through the thin sem-trans-
parent pericardium and stimulated without
difficulty. Stimulation consisted of gentle

[846]
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graphic and oscillographic studies of the
spontancous archythmias fn man 15 dlustrated

m Figure 81847 Four electrodes each 3 x 5
millimeters in size were fastened 25 centi-
weters spart on a polyethylene catheter 0.168
crutimeter in outside diameter, Because of the
possibility of depolarization currents with brass,
some of the electrodes were constructed of
mckel silver; however, no variations attributable
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to the difference in material of the recording
electrode were demonstrable in the tracings.*™
Insulated wires {Litz No. 8817) connected each
electrode tip to a separate binding post. As
many as four records, from leads spanning
almost the entire length of the auricles could
be made simultaneously. The electrodes were
swallowed with little difficulty by most patients
and retained as long as necessary, usually for
approximately an honr, The most satisfactory
records were obtained if the subject gripped the
catheter gently between his teeth and held his
breath while the tracings were made.

The esophageal electrodes used in the study
of experimentally produced arrhythmias in man
consisted of nickel silver rings fastened 5 centi-
meters apart on a Levine tube. Each electrode
was connected independently by insulated
wires to a separate binding post.

ANALYSIS OF ELECTROCARDIOGRAMS
IN MAN

Through the courtesy of the Los Angeles
County General Hospital, the Cedars of Leb-
anon Hospital, and several physicians in pri-
vate practice, we had access to at least 100,000
electrocardiograms made during the past 20
years. From this collection over 500 electro-
cardiograms of auricular arrhythmias were se-
Jected for detailed examination. These records
provided material for the analysis of electro-
cardiograms of auricular tachycardia and flut-
ter in man presented in Chapter IX, for the va-
rious examples of arthythmas shown in Chap-
ter X, for some of the observations on the site
of origin of auricular fibrillation in Chapter XIV,
and for miscellaneous illustrations throughout
the text.

METHODS OF STUDY ON DOGS

Auricular arrhythmias were experimentally
produced in over 300 dogs’ hearts and were
studied by electrocardiographic, cathode-ray
oscillographic and cinematographic techniques.
Whenever obtainable, large animals weighing

' 29 to 25 kilograms or more were used. In ecarlier

experiments the animals were anesthetized with
intravenous sodium pentobarbital in dosage of
80 milligrams per kilogram of body weight;
supplementary sodium pentobarbital was ad-
ministered asneeded. During the course of the
study we found that morphine followed by in-
travenous urethane (25% solution) was an ex-
cellent anesthetic and did not cause a rapid
heart rate. Artificial respiration was carried out
through an intratracheal cannula inserted at the
onset of the experiment. A piston-type auto-
matic respirator was employed which pumped
100 per cent oxygen at a constant flow of about
seven liters per minute.

OPERATIVE TECHNIQUE

The operative technique for cardiac experi-
ments generally employed in physiology labora-
tories permits only limited exposure of both
auricles. In order to achieve wider exposure,
especially of the body of the left auricle, the
following technique of dissection was devel-
oped and used in our study. Little ime is con-
sumed in exposing the heart (approximately 10
minutes) and shock is minimal during the ex-
perimental procedure. This method is recom-
mended as a useful, relatively non-traumatizing
exposure for experiments on the heart and
lungs.

A transverse incision is made over the fourth
rib from one asilla to the other. The third,
fourth and ffth ribs are exposed and removed
subperiosteally on both sides as far back as the
posterior axillary line. The subperiosteal tech-
nique is used to avoid bleeding. The nternal
mammary vessels are ligated and divided; the
sternum is split transversely at the level of
the fourth intercostal space. The pleurae in the
fourth intercostal spaces are opened bilaterally;
artificial respiration 1s started and adjusted at
this point. The cut ends of the sternum are now
widely retracted, the heart and lungs are ex-
posed. A cruciate incision is made in the peri-
cardium. The transverse component of this
incision is made shghtly cephalad to the point
of entry of the inferior vena cava into the right
auricle and extends as far dorsally as possible
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on the two sides of the heart. The longitudinal
component is made in the midline from the dia-
phragmatic surface of the heart to the pericar-
dial reflection on the aorta. The cut edges of
the pericardium are stretched over the lungs
and are sutured to muscles deep in the axillae;
thus the auricles, the ventricles and the venae
cavae are widely exposed. By tilting the board
on which the animal is resting to one side or the
other, the desired auricle may be brought into
view. This exposure is also admirably suited for
electrocardiographic or oscillographic record-
ings of direct auricular leads. An intravenous
infusion of normal saline solution is usually
started into a femoral vein and continued
throughout the experiment at a rate of one to
twa cubic centimeters per minute.

During experiments in which a small portion
of the auricle is photographed at a short dis-
tance (8 to 10 inches) from the camera, further
dissection is necessary to obtain a clear field
and adequate lighting of the area under study.
In such instances the entire lateral thoracic wall
is resected for a distance of three to five inches
cephalad and caudad to the auricle to be photo-
graphed.

Figures 319 and 320 illustrate the exposure
of the right and left sides of the heart ob-
tained with the dissection technique described
above.

METHODS OF PRODUCING ARRHYTHMIAS

Aurieular arthythmias were praduced in dogs
by three methods: (1) electrical stimulation;
(2) acomtme application: and (8) mechanical
stimulation.

(1) Electrical stmuli were applied through
a fine copper-wire electrode stitched to the au-
ricle at the location selected as the ectopic
focus. Shocks at rates of 50 per minute to 1,000
per minute were introduced by means of a pulse
generator. The frequency of electrical stimula-
tion determined the type of arthythmia pro-
duced. Although the threshold levels varied
considerably in different animals, in most -
stances 50 to 100 shocks per minute generated
premature systoles; rates of 156 fo 300 per

minute instituted the rhythm of auricular tachy-
cardia; 300 to 400 stimuli per minute produced
the characteristics of auricular flutter. The rate
of stimulation required for the production of au-
ricular fibrillation varied from animal to animal.
Fibrillation was seldom produced at stimu-
latory rates below 400 per minute, whereas in
some animals stimulation at rates as high as 600
per minute was required. In other animals the
auricles would not respond at rates rapid
enough for the production of fibrillation be-
cause of auricular blocking.

When flutter was produced by electrical
stimulation of the auricles at suitable rates over
a period of several seconds, the arthythmia fre-
quently continued for seconds or even many
minutes after the stimulation was terminated.
A similar phenomenon was observed when au-
ricular fibrillation was instituted by electrical
stimuli. Early in this series of experiments, only
that phase of an arrhythmia which persisted
after strmulation had been discontinued (post-
stimulatory arthythmia) was considered snit-
able for study. We soon noted that the arthyth-
mia occurring during the electrical stimulation
was cinematographically identical with that
occurring as an after-effect. Consequently, in
later expeniments films were made during as
well as after the period of electrical stimulation.
The experimentally produced arrhythmia could
thus be maintained for photographic study for
a prolonged period. Electrocardiographic rec-
ords taken during the period of stimulation
were disfigured by adventitious deflections due
to the stimuli themselves.

(2) Acomtine was first used by Matthews **
and Cushny.’® Scherf *** injected aconitine into
the sino-auricular node and applied crystals 1o
the auricular surface Since both of these meth-
ods proved difficult to standardize, the follow-
ing techmque was developed and used in owr
laboratory. An 0.05 to 50 per cent solution of
aconitine in benzene was employed to obtain
auricular fibrillation. Since the dissolved drug
became inactive on standing, a fresh solution
was prepared each day. The selected area on
the wall of the auncles was carefully dried. A
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cotton swab one millimeter in diameter on t.\\e
end of a thm applicator stick was soaked \\'-\\\\
aconitine solution, apphied to the dried portion
of the auricle, and held m position for about 60
seconds. By emplaymg a small swab l\\e.ec‘
topic focus could be sharply localized. Anricu-
Jar Sbnllation often began one to two minutes
siter the aconitine-soaked swab was removed,
usually preceded by a few premature systoles, a
short run of auricular tachycardia, or even by
aurcular flutter. Tn most instances one appli-
cation of aconitine was sufficient, oecasionally,
especially 1 young animals, several applications
wexe necessary before auricular fibrillation or
futter appeared. Care was taken to avoid touch-
ing the ventncles with the aconitine swab lest
2 fatal ventricular anthythmia be produced.

In early experiments only the lower concen-
tratons of acomtine were employed. These
concentrations proved satisfactory for the pro-
duction of the slower rate anhythmas, namely,
auricular premature systole or parovysmal
fachycardia. To produce auricular fntter or
fibrillation, however, repeated appheations of
the lower 1005 were y and
frequently the solution unavordably spread over
a larger surface of the auricle, 1f 3 ventricle
tame in contact with the drug, ventricular Bbnl-
lation uswally oceurred and the expenment
terminated prematurely. Consequently, in later
expenments single applications of the Jugher
toncentration were used to obtain the more
rapid vate archythmias. When 5.0 per cent
Aconitiae was apphied by the method deseribed,
auriewlar Shriflation wswally ensued withm a
une and persisted for the duration of the
;‘penment. Since the stronger solution could
‘:nixz)phed to a restricted area, the danger of

reular contammation was decreased

Alter aurscalar fibrillation was established by
Aconitine, any destred auncular arthythmia usu-
;ﬂy could be produced by the following modi-

cation of the coohng techmique first developed
by MacWilliam 15 188765 The site of aconi-
tme apphication was cooled by dwert applica-
tion of an ethyl-chloride spray or a block of
ice Shortly after the cooling agent was applied,

Bl

cardiae standstill and/or normal sinus thythm
resulted. If the cooling process was stopped
and the aconitine site aflowed to thaw, the
cardiac thythm often repeated the series nf
changes observed after the application of aconi-
tine, namely { from ausiewlar standstill) to sinus
thythm, to auricnlar premature Deats, to auvic-
wlar tachycardia, 1o auricular flutter, and finally
to auricular Abrillation. The change in thythm
with cessation of cooling did not follow an in-
variable pattern in all animals or in one animal
subjected to repeated experiments. Often one
or more of the arthythmias failed to develop
during the progression from cardiac standstill
to auricular Bbrillation. In the vast majority of
experiments, howeser, by using the proper con-
centration of aconitine and by judiejous cool-
ing, transitions between any of the archythmias
could be produced and each arshythmin main-
tained for a period long cnough fo permit
beth electrocardiographic and einematographic
study. The details of these transitions and their
clinieal implications are discussed in previous
chapters,

{3) In a few expeniments, ausicular prema-
ture beats, tachycardia, Rutter and fibrillation
were produced by mechanical teasing of the au-
ricles with a wooden applicator or by heating
the auricle with hot lamps. These methods were
nat considered reliable and were rarcly used.

In our evperience, the local application of
acomtine was by far the most effective method
for the production of the auricular arthythmias.
Each disorder could be produced more simply
and' with more certainty than when other ex-
perimental methods were employed,

INVESTIGATIVE TECHNIQUES
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ally produced auricular arrhythmias in more
than 120 dogs were studied. Every example of
2 given arthythmia was cinematographically
identical whether produced by aconitine, elec-
trical or mechanical stimulation.

Direct auricular and unipolar limb lead elcc-
trocardiograms were made with the four-
channel electrocardiograph. Additional direct
auricular and unipolar limby lead tracings of au-
ricular fibrillation were made with the Sanborn
Twin Beam Electrocardiograph. The electrical
manifestations of the arrhythmias in more than
45 animals were recorded on the dual-beam
cathode-ray oscillograph. The same clectrodes
and connections employed in electrocardiogra-
phic studies were used to obtain oscillograms
except that three or four leads could be re-
corded simultaneously with the electrocardio-
graph and only two with the oscillograph. In
each instance the exploring electrode was
paired with an indifferent clectrode connected
to the three limbs according to the unipolar
method described by Wilson.5® Curaie was ad-
ministered to 10 dogs under oscillographic
study in an attempt to eliminate fine potentials
due to muscle tremor; the drug had no apparent
effect on the heartbeat and the tracings were
comparable in all respects to those from ani-
mals given no curare.

DIRECT LEAD ELECTRODES

In animal experiments designed to trace the
course of the electrical impulse in the auricle,
non-polarizable soft-tipped electrodes similar
to those described by Lewis 3% were used (Fig-
ure 321). Each electrode consisted of a small
glass tube tapered at its lower end which was
connected to a short length of soft rubber tub-
ing. The tip of the glass tube was plugged with
a slated kaolin wick and was filled above the
plug with 10 per cent copper chloride solution
in which a Jong coil of fine copper wire was im-
mersed. The short rubber extension was packed
with cotton-wool saturated with isotonic saline
solution. When pressed lightly against the epi-
cardium, this soft-tipped electrode caused little
or no “injury current.” For experiments de-

signed to determine the speed as well as the
direction of the electrical impulse, special hold-
ers were devised to separate the electrodes at a
constant and known distance (Figure 821). In
certain special- experiments other electrodes
were used; these included steel spring clip-on
electrodes, silver-silver chloride electrodes and
platinum electrodes, -

The auricular deflections in the direct lead
tracings usually could be identified with cer-
tainty. They consisted of short monophasic or
diphasic deflections of relatively large ampli-
tude. The intrinsic deflection was defined as the
onset of the wave of negativity in each com-
plex; ** this deflection generally is considered
to represent the time of arrival of the impulse
beneath the electrode. The small or minor de-
flections preceding and following the intrinsic
deflection were assumed 1o represent the pass-
age of the impulse through neighboring or dis-
tant masses of cardinc muscle and constitute
extrinsic deflections.

Lewis carried his measurements and caleu-
lations to four significant figures ** in timing
his electrocardiographic experiments. We found
such close measurements of electrocardiograms
often incorrect and therefore utilized only two
significant figures. Because of the magnification
in amplitude of the deflection and the rapid re-
cording rates achieved with the cathode-ray os-
cillograph, measurements made from oscillo-
graphic tracings were more accurate and could
be carried to three or more significant figures.

EQUIPMENT
ELECTROCARDIOGRAPH

The clectracardiographic equipment used to
study the auricular arthythmias both man
and dogs was the Technicon Cardiograph® and
the Sanborn Poly-Viso Recorder. Three leads
were recorded simultaneously on the former;
four on the latter. These machines afforded
great flexibility in our experiments. We were
able to use any combinations of standard, uni-
polar limb leads, precordial leads and esopha-

* Kindly loaned by the Technicon Corporation.
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Figure 821
typical Pr
sulfate electrodes wath soft-tipped boots Each electrode

Dlustration of paired electrodes Thrce
o jrec ol

consists of small glass tuhe tapered at the lower end,
ontaming 10 per cent copper sulfate solution and coiled
mp{xr wire, The tapered tip 15 plugged with Kaolin
wick . S

Houes dt a fived distance apart

geal leads. Euther machine was operated at
standard (25 millimeters per second) or double
(50 millmeters) paper speeds

A Sanborn Twin Beam Electrocardmgmph'
Was used to record direct aunicular and umpolar
lmb lead tracings of auncular fibrillation m
One experiment (Figures 237 and 238). This
Nstrument s 5 photographic recorder The gal-
‘Vinometers have natural frequency of 500

CYdt? per second, cnitically damped, and a de-
1_1_0}0(1011 speed of 1 mullisecond (0.001 second )

CATHODE-RAY OSCILLOCRAPH
Early 1n oqr study of auneylar fibrillation
A *1h to thank Mr

M Rappaport for
tme ang hyg machine i one of these npenm::t;lse of s

we found that the value of standard mcc!mnic:\l
electrocardiographic equipment was liml!cd' by
several factors: (1) insufficient amplification;
(2) mechanical inertia; (8) inability of t'he
machine to respond accurately at frequencies
higher than 50 eycles per second; and (4) re-
striction of paper speed to 25 to 50 millimeters
per second. To overcome these limitations the
cathode-ray oscillograph ® was used.!ss 42 o7,
%4323 This clectronic apparatus provided
sufficient amplification for purposes of study. A
useful magnification several thousand times
greater than that in the ordinary clectrocardio-
gram can be obtained. No moving parts are
present to introduce inertia, and the frequency
response is virtually unlimited. The maximum
recording film speed of the Du Mont Oscillo-
graph-Record Camera is 1,500 millimeters per
second or 30 times the recording speed of the
standard electrocardiograph.

Because the oserllograph cannot record un-
amplified cardiac potentrals it must be used in
conjunction with a pre-amplifying device. An
amplifier made by staff members of the Cali-
fornia Institute of Technology was employed
eatly in the study; this was later replaced by
two Grass P 4 pre-amplifiers which had higher
frequency responses more suitable for the study
of the auncular fibrillation Leads from the sub.
jects were connected to the two pre-amplifiers
which in turn were connected to the Du Mont
T}'pe 279 Dual-Beam Cathudc-ra)’ Oscillograph.

t consists essentially of two gs.
cillographs with 2 single cnlhode-my tube 125
centimeters in diameter, The tube contains two
wentical, ceramueally separated electron guns
which discharge electron beams against the
fluorescent tybe front, With this Apparatus, any
two leads may be viewed simu]tnneously,

At the amplification, range used in oy experi-
:!ulell:ts], squn{)e waves tests showed the response
osciﬁolg?:;;,, oth in the Pre-amplifiers and jn the
Cu::lentngzrc t)o avoid electrostatic

-C.) artefacts, 5 copper
€age was constructed to enclose the
subject being examined The cage

al ternating
wire-screen
recumbent
was large
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Figure 322, Esophageal lead in a nonmal patient recorded
from mud-auricular level,

Upper 1llustration  from esophageal lead recorded on
standard electrocardiograph,

Lower llustratton. same esophageal lead recorded by
osallograph  The recording speeds have been vaned from
25 mm, to 375 mm. per second without mcrease m vertical
amphtude, to demonstrate the effect of recording speed on

R of lar and v ) pl

25 MM / sec N

enough to accommodate both subject and labo-
ratory personnel during experiments on man or
animals.

Two alternative techniques were used to pho-
tograph the oscillograph tube front: (1) con-
tinuous strip film recording; and (2) direct
cinematograply

Continuous strip-film recording: The output
from the pre-amplifiers was to the X (horizon-
tal) axis of the osellograph; the electron beam
appeared as a dot which moved back and forth
horizontally in a single line across the tube face
When the film was pulled vertically across the
tube front at a constant speed, the moving dot
was recorded as a continuous line comparable
to a standard electracardiogram. This technique
was accomplished with the electronically con-
trolled Du Mont Type 314-A Oscillograph Rec-
ord Camera which photographed through a

light-tight periscope attached to the oscillo-
graph cabinet. The speed with which the film
was pulled through the camera constituted the
time-base of the finished record. The film speed
could be varied from 2.5 centimeters per min-
ute to 150 centimeters per second (Figure 822),
Most records were made at speeds of 12.5 to
37.5 centimeters per second, that is, 5 to 15
times the recording speed of the normal electro-
cardiograph. The cardiac potential could be
amplified by the oscillograph to produce a de-
Hection which more thau covered the horizontal
diameter of the tube. Thus, by synchronous ad-
justment of the amplitude (amplification) and
time-base (film speed), a given deflection could
be magnified in horizontal and vertical dimen-
sions to about 500 times its standard electrocar-
diographic size.

Direct cinematography of oscillograph tube
front: Like the electrocardiograph and the Du
Mont Oscillograph Record Camera, this record-
ing technique yields a pattern with both ampli-
tude and a time-base. The output from the pre-
amplifiers was to the Y (vertical) anis: the
patterns traced by the moving electron beams
were recorded with the specially adapted Bell
and Howell Camera at 100 to 200 frames per
second and by the Western Electric Fastax
Camera at 500 to 2,000 frames per second. The
sweep speed of the oscillograph was adjusted
separately for each film speed and for each ar-
rhythmia. That is, it was necessary to erease
the number of times per second the clectron
beam moved across the tube front m order to
{1) obtain satisfactory photographs at higher
camera speeds, and (2) observe the finer details
of the rapid rate arthythmias. In general, most
satisfactory records of auricular fibrillation in
man were obtained at film speeds of 750 to
1,000 frames per second with about 10 sweeps
per sceond. These photographs were made on
Eastman Super XX film whrch was specially de-
veloped to bring out the faint images inscribed
at Ingh recording rates.

The magnification achieved by this technique
15 many times greater than that obtained with
continous strip-film photography. Four kinds
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of magnification are utilized in the cinttmnllo'
graphic recording technique. (1) As m"!fw
ardinary electracardiograph, the pre-ampliicy
magubies the impulse to within the range of
senstivity of the oscillograph (2) The oscillo-
graph magnifies the amplifed impulse many
tues For example, an impulse of 0.5 mllis olts
can be made to exceed the vertical screen dia-
meter of 12.5 centimeters. Proper sdjustment of
the horizontal axis of the oscillograph permits
smslar magnification 1n a honzontal plane. (3)
By means of high speed photography, magnifi-
ation in time may be accomphshed to such
a degree that the events of one cardiac eycle
require a projection time of 6 minutes. In addi-
tion, by adjustment of the speed with which
the electron beam sweeps across the tube front,
the horizontal distance traveled by the beam
dunng one cycle may be mereased many times.
For example, sf the sweep speed is 2 per second,
the electron heam will travel a horizontal dis-
tance equal to twice the diameter of the tube
front, or 25 cm in one second. 1f the sweep
speed 1s now increased 10 times, the distance
which the beam travels in one second will be 10
times the 125 centimeters diameter of the tube,
or 12§ 5. (4) Fmal fication is
achieved in projection This last step depends
on the resolvmg power of the camera and pro-
fector Jenses, the sensitivity and grain of the
flm, the hight source mn the projector, and the
age and type of screen used By proper selec-
tion of oscillograph settings, camera, films, de-
velaper, projector and sereen, an estimated use-
ful final magmficaon of about 5,000 trmies nor-
ma}; electrocardingraph size may be obtamed
h‘“@“ﬂ“se D}f techmeal differences between the
d\m:?tm: of photography desenbed above, two
o ypes of cathode-ray tubes were em-
eloyed  For continuons stnp-film ph

2 tube with short
~persistent  phosphorescent
quahities {the Dy M s

: ont 58P11) was used Plio-
ozraphs of this tube front showed only the
gm\'mg ﬁuores'cem dot produced by the electron
t;ﬂ(r’n‘;ooFbr high-speed cinematography (100
i frames per second), a tube was em-
ployed which had relatwely long-persistent

otography
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phosphorescence {the Du Mont 5SPT). This
tube yiclded a photograph similar to the elec-
trocardiogram in appearance. Instead of a mov-
ing dot, complete Wave patterns were recosded
which slowly faded out as the phosphorescence
decreased in intensity.

HIGH SPEED CINEMATOGRAPHY

Auricular contractions during the arthiyth-
mias oceur with such rapidity that they cannot
be studied with the unaided eye ™ ¥ 2% ¥4
8. 502, 383, 64 By means of high-speed cinemato-
graphs of the intact heart, the muscular move-
ments of the auricles may be visualized at rates
slow cnough to permit accurate ohservation and
the image magnified so that the finest details
of the contractions are revealed. This techni-
que was employed extensively during our ex-
perimental study of the avricular arthythimias
m dogs. Relathely fewer cinematographs were
taken in human subjects. Tdentical apparatus
and photographic methods were used in man
and ammals except for minor modifications de-
signed to eliminate possible adverse eflects on
the patients.

In order to obtain photographs which are
suitable for study, three major factors mast be
carefully considered. Thesc are: {1) the cam-
era, (2) lighting; and (3) projechion of the
picture,

Cameras: Two types of cameras were em-
ployed in the study. A specially adapted Belt
and Howell 18 millimeter Specialist camern
was used to take pictures at 18, 100 and 200
{:’am'cs per second. Motion pictures at rates

ctween 500 and 8,000 frames per second were

;:kcn with 3 16 millemeter Western Electric
astax camera with an F 2.3 Asty i
speed cinematog Py gk

raphs could be secorded w,
the Fastax camer. e

2 in minimal ex tmes;
t]qe sigmficance of this fact i poin?:;‘:::t ::nﬂc:c
discussion of highting, The heat was photo-
graphed at vasions camera speeds dependin
npon the specific auricular movements sclcc:c(gl
Sor study. Gross Tnovements of the awacles wer,
seen best on films taken at 100 frames per si,::
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ond (approximately six times slower than nor-
mal motion). At this speed the observer could
become oriented to gross events as they occur-
red in the cardiac cycle and was better able to
understand their relationships than on cine-
matographs taken at faster speeds. The site of
origin and speed of the contraction wave, the
itensity of contiaction, the duration of systole
and diastole, and the effect of certain drugs
on these characteristics were observed most
clearly on films exposed at 500 to 1,000 frames
per second (approximately 80 to 60 times
slower than normal motion). Auricular flutter
(tachycardia of the flutter type) and auricular
fibrillation were studied most successfully on
films exposed at 750 to 3,000 frames per second
(approximately 45 to 185 times slower than nor-
mal motion).

The majority of cinematagraphs of the auri-
cles were taken with the camera about 1 meter
away from the heart. For a special high mag-
nification study of a segment of the auricle ap-
proximately 1 square centimeter, the lens was
equipped with extension tibes and the distance
from the camera to the areas under observation
was 20 to 25 centimeters.

The depth of the field photographed was in-
creased by deereasing the shutter aperture; dia-
phragm scale settings of f 6.3 to f 12. were usu-
ally used. By this device the auricular struc-
tures were maintained in sharp focus through-
out the cardiac cycle, except during the high
magnification study when the small segment
of auricle could not be kept in focus m all cases
due to the vigorously pulsating ventricles. If
possible, the camera was re-framed and re-
focused after every roll of film was exposed,
no instance were more than three rolls of film
exposed without this precaution. The area to be
phatagraphed was parallel to the surface of the
lens when feasible, so that sharp focus could be
obtained. All photographs of the auricles were
made on Type A Kodachrome Ciné Kodak filrn.

Lighting: All high-speed motion pictures
taust be taken in a bright light. As a general
rule, the faster the photographic speed, the
brighter must be the illumination. At camera

speeds from 16 to 200 frames per second, two
or three photospot lamps were needed. When
pictures were taken at faster speeds, 500 to
8,000 frames per second, additional light was re-
quired. General Electric 750-R photospot lamps
in banks of four lights each were placed in horse-
shoe fashion around the camera, This type of
lamp has a foeal distance of 45 centimeters. The
lamps were held in an incandescent type B-6
frame made by Bardwell and MeAlister, Inc.
From 12 to 20 lamps were adjusted in this fash-
ion and focused individually so that the beams
were concentrated in an area of approximately
100 square centimeters or less. The amount of
illumination on the heart when 12 lights were
used was estimated at approximately 700,000
foot-candles, when 20 lights were used fhe
intensity was about 1,200,200 foot-candles. By
contrast, sunlight on the earth at noon on a
clear day equals about 11,000 foot-candles.
The heat generated by the lamps, especially
when 20 were used, was so intense that it fre-
quently caused a speeding of the heart rate and
drying of the exposed tissue after two to four
seconds; on several occasions the auricle being
studied was actually burned. In some instances
spontaneous arrhythmias followed the pro-
longed use of the lights; in others, auricuar
standstill occurred and persisted until the in-
tense heat was removed. This problem of heat-
ing was solved by various methods. As noted
in the discussion of cameras, high-speed pic-
tures taken with the Fastax camera could be
recorded within a fraction of the time required
to expose the same footage of film at slower
camera speeds  For example, & roll of 50 feet
(15.24 meters) of film was exposed in four sec-
onds at camera speeds of 500 frames per second;
the same footage was exposed in two seconds at
1,000 frames per second, m one second at 2,000
frames per second, and in ¥ second at 3,000
frames per second. Since the photospot lamps
were turned on only for the duration of the
filming, the heart was never evposed to the in-
tense heat for more than a second when fast
camera speeds were used. When lower speed
pictures {500 to 1,000 frames per second) were
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Tigure 323 Typical set-up for tugh speed motion preture photography of ex-

posed dog’s heart demonstrating Western-Electric

Fastax camera, banks of

photospat famps, draped ammal and exposed heart,

made, either 2 mavimum of 50 feet of film was
exposed or, altematively, 100 feet of film was
used and the heart was bathed with normal
saline solution during the last half of the expo-
sure. Duting expenments 1 whych a large
tumber of lamps (15 to 20) were employed, all
&xposed parts of the heart except that heing
Photographed were covered with cotton soaked
i nomal salige solution, this device afforded
#wellent protection. The mechamsm of the Fas-

¥ camera is such that a short interval of time
is needed for the molors fo achteve full speed,
espetnally at recording rates from 2,000 to
3000 frames ber secand To avoid unnecessary
heaking of the auricles, the camera was always
started shortly before the lights were turned on.
With thi Procedure the pictures were taken
“f")’ when the camera Wwas runming at the de-
sired speed and the lamps were burning only

Unng the actual plmtographx’ng time
i € Precautions wsed, m most -
eat from the lamps was sufficiently
Mlense to papse an increase m the heart Tate
duting the oy half of each exposure. In order
fo exclude 2rthythmias which, may have been
altereq by the heat, only the first half or two.

thirds of each roll of §lm was used in the study,

Figure 323 ilustrates the arrangement of
camera, light source, and subject.

FProjection of the Pictures: Only projectors
with excellent optical systems were used to vis.
ualize the motion pictures, A light source of at
least 750 to 1,000 watts was found satisfactory,
The normal speed of the projectors was 16
frames per second; film cxposed at 8,000 frames
per second and projected at this speed showed
the activity of the auricles approximately 180
times slower than their actual rate, By slowing
the projection speed to 8 frames per secand, the
auneular activity cold be slowed to 360 times
s actnal speed Hence, when cxposures were
made at 3,000 frames per second and projecteq
at 8 frames per second, events thay actually
occurred in the auricle iy one second required
Six minutes to be viewed on the screen,

Comparison of Fitms: The most accurate

o films was to view

them simultaneously, Th;,

m si 13 Was accomplished by
Projecting the films simyl ly from two

24
projectors run at the same speed and projected
a:ll.a single screen o that the twq mages were
ad]

acent to each othey, Projecto
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optical systems were used and the films were
adjusted to show comparable phases of the car-
diac cycle simultaneously. By this method
small differences in the appearance and action
of the auricles were discovered. For example,
if the effect of a cardiac glycoside on the nor-
mal auricle was to be studied, the auricle was
first photographed under normal conditions.
The drug was then administered slowly par-
enterally. After the drug had exerted its phar-
macologic effects, as determined from the elec-
trocardiogram, a second cinematograph was
taken in eaactly the same manner as the control
film. The two films were then developed and
projected simultancously, as described above,
Minute details of change in color, size, appear-
ance and speed of the contraction wave were
dramatically revealed.

A second method for comparing two films
consists of “double printing” the two nega-
tives on the same positive film. The location and
Jens adjustment of the camera, the lights and
the position of the subject photographed must
remain constant while the two films are re-
corded. For example, if electrical events are
photographed from the oscillograph tube front
by the Fastax camera as described earlier, dur-
ing normal sinus rhythm the electron beam
may be directed against the upper half of the
oscillograph tube front and photographed at a
given speed. An arrhythmia is then produced,
the clectron beam 1s directed against the lower
half of the tube front and photographed in an
identical manner as the control. The two nega-
tives are then printed superimposed on one an-
other. When the finished print is projected, the
events occurring during normal sinus rhythm
and the experimentally produced arrhythmia
appear simultaneously on the same film. This
technique is a useful tool in demonstrating dif-
ferences between rhythms, the actions of drugs,
and other effects of specific procedures.

A third method for comparing two films is
provided by a specialized process called “opti-
cal printing.” As in the second method, the
conditions under which the two films are re-
corded must be identical. Photographs of a
structure are taken before and after a specific
procedure and the two films are printed on an-
other film, one above or beside the other. Un-
necessary portions of each frame may be omit-
ted in order to emphasize a given part of the
structure, such as the auricular appendix. Slight
reduction in size of the image on the flm may
or may not be necessary. This, again, is a useful
method for demonstrating the effects of a pro-
cedure on a given subject. Like the second
method, it is valuable for teaching purposes.

The importance of speed in performing the
experiments should be emphasized. Laboratory
personnel thoroughly familiar with the proced-
ures were essential to obtain the maximum
value from each expeniment. The dissection was
usually complete within 10 to 15 minutes; the
first pictures, either of the heart or of the oscillo-
graph, were taken within another 5 or 10 min-
utes. If any appreciable delay occurred, heart
farlure or other changes such as an mncrease in
the heart rate frequently intervened. As a result
of “good teamwork,” most experiments were
complete within an hour from the time the
anesthetic was administered to the animal.

If meticulous care and attention were given
to all details — surgery, anesthesia, size and pos-
ition of the animal, camera speed, focusing of
the lens, lighting, quality and development of
film, and finally, careful projection on a glass-
beaded screen in a dark room, truly artistic
photographs were obtained. These cinemato-
graphs revealed the motion of the auricles
fine detail and clarity, thus serving as a valuable
scientific instrument.
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1

G h. See Equip and P
Cinematographic appearance
aurtcle, left, 14
auricle, nght, 11
circus movement, hypothetical, 238
contraction wave, auncular, See also Contraction,
auricular.
fibrillation, 230, 237, 259
futter, 108, 110
normal sinus rhythm, 9
premature systole, 32, 35
qumidine, effect an, 301
tachycardra, paroxysmal, 59
ventricle, nght, 13
Circus movement theory
cmematographie considerations, 238
of fibnilation, auncular, 228, 270
of flutter, auncular, 102
aves, momentary atrial, 156, 157
of tachy cardia, auricular parovysmal, 53
Compensatory pause
in premature systole, auncular, 29
m premature systole, ventncular, 29
Conduction, auncular
decremental, 299
chgrtalis, effcet on, 314
fibnllation threshold, relation to, 264
prematunty, relation to, 299
quinidine, effect on, 302
rate, auricular, relation to, 299
Conduction recovery
acetylcholine, effect on, 313
auncular, 299
aunculoventricular conduction system, 312
digitalis, effect on, 310
quinidine, effect on, 302
ventricular, 812
Cangestive fallure, See Heart failure
Contraction, auncular. See also Cinematograpluc appear-
ance
dimmished work, 23
double, 20
efficiency of, 19, 20
mereased work, 23
stte of ongn, 10
speed
1n arrhythmuas, 20, 108
1n normal sius rhythm, 14
Cor pulmonale, Ta wave in, 143
Coronary sinus rhythm, 83

D

Depolanzation

defimtion, 7

m Autter, aunicular, 129

1n normal sinus rhythm, 7

1n premature systole, auncular, 36

1 tachycardia, avricular paroxysmal, 129, 130
Duagnosis, differential  Sce Specific arrhythmia
Duastole, auncular

fibrllation, auncular, 235

normal sinus thy thw, 14
Dibenamine, 324
Dagatalss
dosage, 321
effect on
absalute tefractory period, 309
cinematographic appearance of auricles, 807
chnieal auncular archythmias, 320
fibnllation, 328
flutter, 152
tachy cardia, parovysmal, 52
conduction
auncular, 314
aunculoventrieular, 314
ectopic focus, rate of discharge, 815
fibnllation threshold, 263
heart size, 307
10 1 of f
1n experimental ammal, 313
m man, 313
recovery
auncular, 310
aunculoventricular, 312
sventncular, 314
Tawave, 152
vagal tone, 309
ventnieular, 814
poisoning, 28, 47, 222
Direct auncular lead electrogram  See also Equipment and
Procedures
fibnllation, auncular, 244, 247
flutter, auncular, 116, 122, 149
premature systole, auncular, 37
tachy cardia, aunicular paroxy smal, 149
Dissociation, prineiple of, 17, 126, 250

E

fibnllation

Electrical alternans, 281
Electrical stimulation
methed of productng auncular archythmas
fibnllation, 230
flutter, 106
premature systole, 30
tachycardia, parovysmal, 55
El i h Sec E
Electrode, direct lead, 352
Epmephnne, 222, 223
Equipment
cathode-ray oscillograph, 9, 353
electrocardiograph, 352
electrode, direct lead, 352
ligh-speed cinematograph, 353
cameras, 355
hghting, 356
projectors, 357
Ergotamine, 52
E: ] lead
Pracedures
fibnillation, auncular, 254
futter, auricular, 129, 149, 156, 157, 172
nterpretation of, 156

and Procedures

See also E and
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etiology, 28
wadence, 28
progaoss, 29
symptomatology, 29
treatment, 29, 323
ectopic focus, vanation in site, 32 s
efficiency of premature auncular contraction, 42
electrographie charactenisties
excitation wave, coutse, 37
n ammals, 36
n man, 73
P wave, 36
Tawase, 3T
ventricular aberzation, 37
evperymental methods of production
10 ammals, 30
i man, 73
velation between expenmental and chnieal awnenlar
premature systolcs, 94
simulating coronary sinus shythm, 83
simulating nadal premature beats, 78
urutary nature, 333
Preshyeandia, 221,329
Procaine, 324
Procedures
anematography, 9, 353
durect auncular feads, 352
electroeardography, 352
esophageal leads, 347
methods of porducing arthythmas, 346, 350
operatie techmique, 343
osallography, 9, 353
Projector, 357
Pulse debict, 20
Purkinpe system, 251
Pynbenzanune, 324

Qwave,9 2
QRS defiection, 9
Q-T interval, 300
Quimdine
clinical effect on suncubar ardythynias, 321
fibultation, 329

futter, 152, 328
Premature systole, 325
tachycardia, parocysmal, 52, 328
contrmsndicatians, 422
dosage schedule, 392
effect on
absolute refractory penod, 301
“mematographie appearance of auncles, 301
conduction '
aurneufar, 302
TecOvery
auncufar, 302
=unculoventneular, 313
Intraventnicular, 514
ectopic focus, rate of discharge, 306
exutabiity, aursclar, 301
Sbnllstion, auncular, experimentally produced

ctnematographic changes, 301
osallograptue changes, 301
Bbnlltion threshold, 263
heart size, 304, 307
oscllographic appearance of auricles, 301
pharmacology, 300
preparations, 322
toucity, 323
Quinine dihydnaxchlonde, 52

R
Radiocardiograph
Lwase, 13,26
R wave, 12,26
Rate, auncular
acetycholine, effect, 315
digutalis, effect, 299, 315
Gballation auncular, 237,333
flatter, aauncular, 183, 333
premature systole, anrieulsr, 333
quinshne, effect, 306
role in determining type of anhythimiss, 331
tach) tardia, suncular paroxysmal, 163, 333
Re-entry concept
fibnllation, auncnlar, 228
flutter, auncular, 156
Refractory penod
ahsolute
determunation of, 299
effect of ditahs, 309
eftcet of qunidine, 301
Q-T interal, 300
cifective, 300
relative
defirution, 293
tate, wunewlar, Telation o, 299
Repolasization, 7
Respirator, MB
Rbeumatic heart discase
Bbrillation, auncular, 220, 22y
fluttee, auncular, 328
premature systole, auricular, 20
tachycardua, auncular parosysmal, 46

S

Septal frad tlectrogram, 17,122
Septum, wteranriculae

anatomy, 3

electrical actaty, 17, 11g

function, 17

mechanical actly ty, 18
Sine wave, 184
Sino-auncular node, 8
Sodium, rahoactiv, 12
Sounds, heart

o Sutter, auncylar, 57

m heart block, 23

in premature

ystole, suncolar, 29
in tachycardia

auncular Parotysmal, 09
stnus, 90
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H

Heart block. See Auriculoventncular block
Heart fajlure

1n fibrllation, auncular, 221, 267

1n flutter, auricular, 97

m tach dia, auricular p
Hypertenstve heart disease, 220
Hypotension, postural, 47
Hypothyroidism, 47

al, 47

Tnfarction
auncular
in arrthythmias, 29
Ta waves, 143, 151
myocardial, 267
Inflow tract, 13
Intercaval block, 106
Intracardiac feads, 7
Intraventricular conduction, 314
Intnmnsic deflection, 7, 87, 116
Intninsicoid deflection, 166
Ipecac, 52, 319
Tsoelectric period, 183, 186

J
Jugular waves
double auricular contraction, 23
1n auricular arthythmias
Sbnllation, 224
flutter, 99
premature systole, 44
tachyeardia, paroxysmal, 50

L
“L” activity, 235, 251
Lanatoside C, 821, 326
Lighting, 231, 251
Limb lead electrogram, standard
fibnllation, auncular, 243
flutter, aurnrcular, 141
premature systole, auncular, 36, 74
Ta wave, 149
tachyeardia, auricular parovy smal, 49, 83

M

“M” activity, 231, 251
Magnestum sulfate, 52, 323
P

Matenals. See B F di and A

1

1

Mechantcal stimulation
method of producing auncular arrhy thmras
fibrillation, 230
flutter, 106
premature systole, 30
tachyeardia, paroxysmal, 55:'
1 I

dine, effect on
arrhythmias, 301
Mecholyl. See Acetyl-B-Methylcholme

Methods. Sez Equipment, Procedures, and Arthythmias

d auncular

Mtral stenosts
fibnllation, auncular, 221, 329, 330
premature systole, auncular, 29
tachycardia, auncular paroxysmal, 46

Morphine sulfate, 52

Motion pictures. See Cinematographs

N

Neoantergan, 323

Neostigmine methyl-sulfate, 320

Neosynephrnne, 52, 320

Nodal premature beats, 78

Nodal tachy cardra, 49

Normal sinus rhythm
cinematographic appearance, 9
electrocardiography, 7
Tawave, 7

0
Ocular pressure, 318
Operative technique, 348
Osarll M th . See Ex

Ouabain, 321
Outilow tract, 13

Pwase, 7
P wave
defimatron, 7
m flutter, auncular, 129
1n premature systole, auricular, 83
1n tachycarda, aurntcular paroxy smal, 83, §9
P-Rintenal, 9, 283, 293
P'-Rnterval
premature systole, auncular, 78, 82
relation to ventneular aberration, 283
hyeard, 1 lar, 86

s
termmology, 9

Palpitation, 29, 98

Pentobarbrtal, sodiam, 348

Phonocardiogram, 26

Th hy See E

Postural changes
clectrocardiogram, effect on, 138
pro-arthythmic effect, 47
treatment, 317

Potassium, acetate, 323

P dial lead el a

and Proced,

See also E

Procedures
futter, auncular, 129, 149, 177
premature systole, auncalar, 36
tachy cardia, auncalar parovysmal, 50
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Unitary nature of auncular arrhythmias, 332
Urethane, 348



This Book

THE AURICULAR ARRHYTHMIAS

was set, printed, and bound by the Pantagraph Print-
ing and Statonery Company of Bloomington, Iilinois.
The color engravings were wade by the Brown &
Caldweell Compeny of Los Angeles, California. The
black and white engravings were made by the Capitol
Engrating Company of Sprngfirtd, Hinoss. The page
tnm size fs 85 x 11 inches. The type page is 39x51
picas The type face is Linotype Caledonia, sct 11
point on 13 pant. The text paper is 80-pound Warren's
Lustro Enamel The cover is Bancroft Buchram 2120,

With THOMAS BOOKS careful attentron s glven to
all detauls of manufacturing and dewgn 1t is the Pub-
lisher's desire 1o present books that arc satisfactory
as to thew physical quabties and artistic posabditics

and appropnate for their partienlar use THOMAS
BOOKS will be true 1o these laws of quality that
assure & good name and good will,















