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PRETACE

Minleal surdeular fibrillation has dolled a host of inwestie
gators {o detexnine the basiec ebiclogy, pathophysiclogy, and
suoscessild thernpy. Pew other elinical conditions have provolmd
such 2 vardedy of theories, explanations or opinlons. Little agrece
ment existe between the savérsl serious researgh teaus each of which
seens sound In thelr theory amd have s logical experimental approach,
A serious omission in the work of most of the investigetors is,
hm, the lack of evidence of correlation of the elinifesl and
laboratory oxperinents,

In this thesis an anslysis hss Leon made of the various plysiow
logissl phenomonon which seem related 4o the eticlogy of the ¢linical
condition, Bxperiments have then been reviewsd, ﬁupﬁieat&é, altered
or dovised in an attempt to prove or disprowe fundmmental ecncepts.
Certain druge, primerily those contzining elkemincaliyl side cheins,
were fhen aseayed using #ll of the mothode of establishing experi-
mental auricular fibrilletion. Clinical trisl of promising drugs
has been undertalken to check the validity of experimental metheds
and to try to find a more satisfmetory drug te combat aurieular
fibrilistion in the elinicsl patient.



I. INTRODUCTION

"Palsus lrregularis, inequalis, deficiens et intermittens® was

the deseriptive temm first applied to aurienlar fibrillation by
Bouilland(1) in 1836 although Bertolommeo Mombagna (15th Century)
is credited with what may be ealled the firsl description of auriewlar
fibrillation and do Senac (1749) is eredited with the next kmown
reference which Willius translated as "rebellious pﬂl;ﬁ.tatmnu“(?).
Nelther Montagna, de Sensc, Boullland, Hoffa and Ludwig(3), nor
Nothnagel(h) apparently attached any significance of their shserve-
tions. Riegel in 1898, by mesns of a sphygmograph, studied the
contour of the pulse pressure changes which oceour with this irregular
pulsa(5}. Wenckebach(®) in 1899 was the first to report a detsiled
clinical study of this cardiase disorder slthough Cushny(7),
ueni111am(%), Gaske11(?) and Engeimamn(10) 411 contributed findings
around this time.

Hering is usually given credit for the first definitive study of

the condition and suggesting the modern name "Flimmern der Vorhofe"

(£ibrillation of the auricle)(11), Soms coucept of the nature or
locus of the disorder and the relation %o the irregulor pulse was
obtained from studies with frogs and dogs by using farsdie stimulation
of the aurieles. Cushny{7), Rothberger and Winterverg(12), 1ewis(13)
and ¥ewi11ian{®) ana others all engaged in these studies in the

decade after 1399.
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It wap not unbtil the azdvent of the slrling galvancmeter electroe-
eardiograph thet the relation between {he irregular pulss with cardise
irregularity was possible. To Rothberser and Winmterberg{12) we
are indebted for this discovery, bub 4t wus Luiu'(w}, who published
soon after, to vhom we owe moet for his emphasis ond study of the
disorder.

Aurdoular £ibrillation sceording to White(1d) 15 one of the most
m s most Interesting and most Important cerdiac disorders. This
condition is third in oprder of frequancy of arrhybhmias falling olose-
ly behind poroxyemal sinus teaehyoesrdls and prematuye auricular sysitole.
The disorder, while not in itself seriocus nor debilitating, ls discone
corting to those afflicted and may souse or contribute to wore severe
conditions such as neurocirenlatory asthenla, dyspnes, angina,
congestive fallure, weakness, dizginess or faintuess. The most
serious of tho complleations is cardlac lusulficiency due to the
accompanying tachycardia rather than the arrhythmia itself, Withowt
normal rhytlnm, sardise efficlency {cardiae ouwtput) mey be lowered to
a dangercus depree. Aurieculer f£ibrillation with severe nitrel stemosis
is conslidered & serious problem by some whigh negessitate lmediate
troatwent. In thyrotoxicosis, surieulor fibrillastion with cerdisc
strain due Lo the inoreased work load posea @n equally grave problon
which also should be treated vigorously.

Uncoeplicated suriculsr fibrillstion whether of the paresysmul

or permanent Lype presents a special prollen. Should pr should nob

the disorder be treated? This question bus never been satisfactorily

answered. Individusle have survived 30 yesrzs with awrioulsr



fibrillation with 1ittle interferense of their normel living, tut
quite often & patient is treated with the complete gerub of anti~
fibrillatory dmpgs in an attempt to srrest the condition whish in
ivmelf may do no herm. On the other hand, the arrest of long siand-
ing surienlar fidbrillation may do ham if an ewbolus has formed in
the auricle. The possibility of Ireeling of esnboli is an especlally
grave problen and sen result in ocelusion of the gerebrel, renal,
splenie or peripheral srieries with dive conseguence. Yet in ome
study and review(15) the poseibility of thrombo-embolic phonomena

was {oli oot Lo be & controindication bul, on the eontrary, 2 definite
indieotion for therapy. In these patienis, surieulsr fibrillstion,
with contimwlly forming emboli, presonis eu espesislly greve problen
which el be trovted ad ompe. Tranguilisation of the awricle io o
nornal rhybhm may indeed sause dislodgment of some emboli, but the
return of the auricles to noymal rhybhm wi.ll prevent o ot least
hinder the formation of fubture intre-suricwlier thyombi.

An experinental study of the suriculer arrhythalas for Uhere-
peutie purposes hus been hampered by lack of & satisfactory snimal
method by whieh fibrilletion may be produced, or onge prodused, por-
petusted long enough to provide commretive study of "antifibrillatory”
drugs. Feradigation of en entire snimal, or its heart, or the varus
has been avallable for nesrly fifty yoers s an experimental tool, but
the disopder produced by this method is neither certein nor long
enough in duration to be of much use. Injection of seonitine Intyte
venously or directly into the myocardium hng been used bul the medhod



is rightly criticized as "non-physiological®. Auriculsr orush,
forming an artiflcisl inferet, hes been the most suseessful method
of inducing fibrillation when such a preparation was stimulated with
repetitive electrionl stimmii.

The elose associstion of thyrotoxicosis with esrdisc irrepular~
ities has been known for more than one hundred years. In recent yours
the autonomic norvous system, especially the parasympethetie, has
been impligated in those irregularities. Ubillsing this sbservaticn
and recognlieing the fallure of the more slwple methods to nroduce
experimontal molioular fibrillation hes led us and others 4o more
complex experiments to mimie this interesting condition. An exporie
mental approach, devised by the asuthoy consisting of long term
thyroid extract feeding to produce Lhyrotoxisosis has been underialken.
Experimental resulie indicate that thyroloxicosis produced by such a
mothod ninies strongly the slinieal signs of tachyesrdis, vomiting,
diarrhes, exeitability and thiret., With longor feeding, additional
signs such ag dry flaking skin was noted and heir shedding often was
marked. Along with the overt sysptoms of hyperthyroidism there was
also a mariced incresse in semsitivity to cholinergie drugs induced Ly
the thyrotoxleosis, This hypersensitivity ellows easy produstion of
several cardlac arriythmiss; reflex tochyourdis and single 2:1 bloek
beiny the most simple aryrlyilmizs seen in these osses, Other moroe
severe arruyihmias were longer bloelks 311 %o 105l or more which are
sharaglerized Ly complete cardiae irregulerity. PR intervals sre
prolonged, P woves are eventually dropped or appesr only occacionally
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being superceded by "fragmentstion® of ¥ woves whieh procesds 4o
variously proloaged episodes of awrdeulsr fibrillation.

The oinchoma slkalelds, though fired used for the treatment of
maleria, were obsexrved incidentally to hove a sedstive action on Lhe
Lserts ‘Mm:mback(mh then in Yienna in 171k, observed and recorded

the Iirst experimentaleslinical study of quinine for suricular FiLpiie

¥ v
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the use of quinine. von Frey{17) in 1913 undertook a systematie
study of the cinchons alkelolds and found thot guinidine was thw mogt
suecepsiul therapentic egent sgainst surleular arrhythmiss. Quinidine,
although it 1s @ most effestive drug, is also daﬁgarmn» Idlosyneracy
to the drug is not uncommen and a preliminery test dose is often
suggested, Reaction to the drug consiste of yespirstory distress s
sometlnes with ayrest, oymmosis, dissinces, cramps, nausea, vomlding,
and cold swosting., A therapeutie danger oonsists of the possible
conversion of surienlar fibrillation to flutter, and in this case
dangercug ventrloular taehveardia often ensues. Portunately, the
simltancous adulnistration of amother drug (digitalis) wiil preveat
excessive speeding of the heart rate. Ventricular standstill 4s yet
another serious denger whish cceurs due %o the profound depression
of the S and A<V nodes. If some pecemelier does not immedia Lely
tzke over, fatality will result. Vesbriculsr fMbrillation also ney
ocour and resuile from myocardisl depression from over-trestment.
Quinsorine, introduced resently 65 s replacement for aquinine
in therapy of maleris, has been found 4o be olso of considereble



efficacy i suricular arvhytimiss (Sert2er)(18), or the sixtem
patients who falled to respend to quinldine therspy, 507 converted
to sinus rihpbim by the use of quinserine, NHowever, in view of sum
deaths snd freguent dangerous symptoms, the conelusion of the muthors
wag that this drug wight have some nlsgs in therapy bub it wos
dangerous and its general use was not advissbls.

Alphaefoparine is another fairly recently developed drug
(Do Bopanos)(3?), This drug 10 & neturdl product closely velsted
to the arypbtopine oplum slleloids. The drug has been found reasonably
effective aguinst suricular fibrillstion ond also flutter, but in nany
ozses multifoesl wvendrioular extrasysioles appeamd which in 2 fow
cases produced Patal ventrieulsr fibrillation (Scherf)(20), 14 was
Pelt that the drug wes aoh 88 effective sz quinidine but was more
toxie. For this ressen the use of this drag has been abandonsd,

Sparteine is an old drug end wes studied Ly Oushay in 1095(21),
A later edition of his text (A5h1) :;aints out thet the drug reguletes
taclyoardia and also arrhytheia perpetus {amdeulsr fiberilletion).
A oomplex of undesireble side effects comsisting of astion similar to
stropine, surere and nicotine (Co Lu)(22) nave preciuded the use of
this drug %o eny extent.

Fronestyl, the amide of prosaine, initially sroused great hores
for therapy of surieular fibrillation due $o its striking derression
of ventriecular arrhythmias, The action againet aurioular irroou-

laritles has heen found to be of no use in thess osses,
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Dipherhydranine (Benadryl) was noted ly MeGewley(23) 4o hewe a
close structural resemblance to Proceime and he predicted a sinilar
but prolonged action due to 2 more stable chemiesl linkage. This
predietion was rroven sorrect in experimental and limited olintesl
trial ageinst ventrieular arrhybhmiss, Diok{2h) suggested that
this drug be tried in suriculer srrhytimiss whish are more cownon
and wore of & mediesl problem.

In addition to the toxic qualiiies of quinidine, another reuson
prospts Lhe search for a better drug; 1% is not uwniformly sucsesaful.
The initinl investigetions on quinidime by von Frey(1?) indieated
thet GOX of his Tilpdllating pationts had converted o normal simus
viyths, A coupiletion by Beckman(25) uyp to 1928 indicsted over-sll
elinlesl suecess of 55T with 415 patients end 15 different invosii-
gators. Nany of the earlier suthors inmoluded in the compilation
indicated retes of less than 50%, though some reported up to 9hd
sucosss. OCurrent clinionl experisuce with oases in which gquinidine
is given to petients in the highest tolorated dosage, indieates
sugoessful therspy only in ebout the smne percentage. This rote of
suceess 1s not exceeded by amy other drug. Mo drug or cosbination
yet discovered will convert more patients than gquinidine and unforw
tunately surisulor fibrilletion whieh is rosistanmt to quinidine
is frequently reaistant to all other current drug therany.

Cllnical econflimation of successful oxperimental drugs has been
disappointing, Only quinidine hes beon markedly sueceseful inm Loth



the exporimenial laboratory end the olinfeal pstlent, bt resecorch
must continue to find @ wore satisfactory agent with none of the

undesirable aide effects produced by guinldine.

It is the purpose of this reseayeh investigstion o evaluede
8ll existing aninel methods for the study of surlenlar fibrillation.
A further purpose iz Lo devise @ new nethod ubilising the intact
enimal mnd to assay pharmacodymamically the ef ticsey snd potency of
new drogse A final purpose will be to correlete experimental success
with the rosudlt of elinicel trisl and evaluation with the aim to
aseorbsin the validity of all saimal experimentel methods and theiy
underlying theordes of asurdeulsr fibrilladion. It s the hope of the
suthor to develop and establish s new useful drug or st the loost
provide a stepplngstone to futurs lnvesiigstors who will unravel the
nystery of the genesis, porpetuation, bul especially the therapyr of

aurdioular filrillaiion.



IX. PART ONB - PHYSIOLOGY OF THE WAL MEART AND CARDIAC
TISGUE, PATHOLOOY CAUSING AURICULAR ARRHYTIMIAS AND
PROPIYLAXIS AND THERAPY OF TIIESE ARNDYTINMIAS

A. INTRODUCTION

he study of entifibrillatory drugs is complicated by the impor

tant consideralion thst the condition iz nol only an abnommal atate,
but also that it has never been observed i cceur naturally in
anizmals obher than humsus. The fast that therapeutic success is
messured Ly the zlteration of the abmormal rhylhm to normel sinus
exeitatdon and ripthm hints at the problem presented in experinental
study of these conditions.

To pain an wderstending how the various antifibrillatory drugs
work or how they affect the verious nroperlles of the heart, we aust
first establich the aceepted concepts of the piysiolosleal propertics

.

of the heart and the nroperiies of cardisc smsecle tissue itself Lefore
we con hope to understend the oause, conwider the probable mechanisns
of abnommal riytim, or hope to trest the abnormal rhythm once it s

establ ishod,



Be PROPERTIES OF THE HORVAL HBARY

The study of the property of sutomeitinity of the heart hae
ocoupled the ninds of many noted investigators with the production
of many elaborete theoriss Wt 2 paueity of informstion of any vulue
in establishing s mechenism of the normal physiologieal progess of
impulse initistion in the heart. With the lack of information on the
noymal meghanism, the explanstions in the case of abnormelitles have
been even legss convineing, more diffisult of experimeontal prool and
in many céses lnpossible of clinical correlation.

Eﬁn;,*elmm(lﬁ) and Lang«s:ﬁaﬁf(%} propssed a perisdic variatlen
in exeitability to a constant stimulus. Nering(27) believed in a
periodic wuilding end explosion of & stlmulus, With the demone
stration by Howell and m(?)ﬁ) that vapue stimulstion cavsed
potessiun Liberation from the heart, they peoposed wvariable perisdie
balanse of sodlum, potassium and calolum in view of thelr lknom
influences on the heart. Andrus and Carter(2?) perfommed expeorinents
which indicated similerly a possibility of hydrogen ion implication
in eardiag sutomatieity. MNany investigstors by the uwse of experimenta
which are related, although they enploy norve instead of cardieg
tiasue, have Indlicsted the importance of Lhe potential difference
between the insido and outalde of 2 gell znd the transfereuss of
potaseium into Lhe cell and sodium out of @ eell during stimulation
or selivity. AL present evidsnce is acgmmlating thet the dilfercnce
in conesntration of ions inside and outelde & cell wall zives rise %o

8 pobential difference and that there is & merked change or even



revorsal of this polential during stimulotion and/or activity.

Reales and Hoff(30) steted thet this periodle rise an? fall is mot
necessarily & nonbrene surface phenomenon bub occurs within the
vrotoplasn and wells to tho surfage at which time i1t bocomes apparent.
Merris and Moel3l) observed sseillating potentials in the dog ventri
ele following onodal or cathodal mlarimt,im. This potentisl was
sub=-throshold, but wos considered ns a possilide source of exeliing
foets Demoortd2) and R1118nt(33) independently published evidense
for a speeilic horwone oy active substance and 2 similar theory was
proposed by Haberlandt(3h), zwsardemsker(35), with several of his
students, designated a hormone~like meterial, sutomeiinogen, and
proposed thet it wes transfomed into sutomebin by potessium or
radio-gctive e:mmtiona; Bozler(36) sugoeedad in recording from
isolated cardiec muscle weak locel polenticls which sre stroopest
near the origin of (ectiveting) impulses and thet 8 state of lncreapw
ing negativity precedes the releasse of lnpuises.

The relationship of acelylehelline, acting @s the newro-physio-
loglonl rmediator, {0 the sutomatlelily of ihe hesrt remgine 8 systery
malnly due to its complexily of funetlon and action. Potassium fon
appears to have § mujor vrole in the releecse, production and possibly
the degstruction of seetyleholine. The effegts of this lon are just
now being elucidoted and se was sugpested ly Howell snd Duke in 1900

may have 8 role far more important then scolyloholine,



C. PROPERTIFS OF CARDIAC NUSCLE:
DEFINITIVE CHARACYERIBTIOS

The e¢ardise musele iz a unique trensition forn between shmletal
masele bizsue end nervous tissue, Sush belng the case, the tissue
has its own characteristlios which are similor to both other types,
bt yet different.

Befractoriness is a eondition in which a tissne is wnresponsive
to a stimulus. This condition prevells ifmmedistely follewing e
responge for verying lengthe of timss The duration of time im whioh

a tigssue i wresponsive iz ealled the refragtory peried. There in
a period Immediately following a response that the tissue ig not
responaive to stimulus no metter how great the intensity. This ls

called the absolute refractory period, After this, there osours a

period of 3ime in which the tissue will respond to super-threshold
etimudi end becoses less refractory with time until the normal thros-
hold is agsin reacheds This trensition period to souplete recovery

is imown a5 the relative rofractorr period. Corbtain inwestigators

use the Lo effoctive refractory period bossuse of the diffieuliles

in megsuring threshold response.

Condustion of impulse ia o phenomonan shown best by nervous
tissue bub to & mueh lesser extent Ly cordiac iauscleg The heert
contains {(w» fpocialised conduction systemt. The SeA node initiales
and eonducis Lmulses along its lengths The A-¥ node transmits the
stinmulue lmpulise via the bundle of His timoughout the ventrieular

masela. In addition te these specialized norve-like tissues, the



aurigle nupolalure itself snd alsmo the wentriculsr musculature
conduct the lwpulses, Defects in auy of the conduction eystems cen
result la variows but predictable changes. The empheeis in this
thesis will be on the changen in the suricie itself, the sinus nodel
tissue,; the atyio-ventriculer node bul ospeaially ihe surlealar
mgoulature.

Tythaleliy of the heart musclie I ils most clsracteristic
feature which distingulshes it from other musele. The basis for
eardiae tlssue hythnieity or sulomsticlly is not knoem although
several theorics are svailable as tentaliwe axplanstions. The ootabe
lishment of the true resson for swtowmiticlty of the heart might well
be ey o cerdise irvegularities snd theorapy of the disorders.

Ireilobility end gensitivity are terms used to define the
ability of ¢he heart to respond ¢o & stimmlog, Stimmlatory thres-

hold is 2 texm which quantitates the degroe of sensitivity or
irritabilily and i nost essily measured Ly electricsl means.

In the cardlae arrhytimiss in generel and especially the irre-
galarities of the auricle, messurable chonges coowr in a}.l‘ of the
specific physleal characteristics of the musculature mentionnd above.
The relative refyactory period is thought %o bs deoressed in surdowlar

$irillation. With the shartening of refrectoriness, the tissuve
rocovers its sensitivity sooner and may respond to stimii at &
faster rate whether these stimmli originate from the sinus node oy
from a focus independent of the nodes The sbeclute rafrectory

poriod, howewver, @pparently uwndergoes no change in aurieular

£ibriiletion and similar disorders.
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fandugtion rate deficiencies appear in sonjunction with
aurienisr Mbrillstion and often immedlately precuding experimentelly
induced episodes of the arrhythmis. The condition eppesre aspocioted
with an inerease in wagel tone and this corpelation imﬁ been used as
2 basis for testing of druge for antifibelllatory setivity.

The inherent rhythmielty of the heart ls disturbed in two wuys
during surdewler fibrillation. There is an imhibition of the B
nodel pacenaier which may be completo and alsp there i¢ initistion
of abmommel stimili from ectopie fools These two effects giw rise
to characterietie ohanges of the electrocordiopran; nomely absance
of P waves (depression of the Sei node) and appesranss of U waves
(*firing" of the ootopie foous or fool)e lNomally these "eotopie
boats" are not manifest as the swriculer muscular threshold is so
high that the Se& node is the only focus able Lo produce threshold
gtimidi. In the case of suppressed nodsl activity along with
depressed auriewlar musculsr threshold, the ecltople focus potentials
becone adequate 4o propagate limited exeitstion wawves, Indirect
evidense hwe been presented that the alove repyesents the ehaln
of events; Printzmetal ot 21(37) hove shown thet the normsl P waves
produpe an intensity of 0.1 to 0.3 milliwilts whish must be assumed
to be the nommal thresholds Durlng Flbrillotion, the fibrillatory
waves wore less then O.) miliiwh whish substentiates the explanse
tion of lowered swricular museular threshold esuses suriouler

fibrillation by the "firing® of sctonic foel.
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The presence of irritable tissue ig nccessary for the transulssion
of the normal wewes through the myoserdiume Likewise normal oF SROOT
normal Irritability may be necessary for the Initistion snd perpetug-
tion of surieulor fibpillstion. Yt has been shown that a state of -
incressed irritebility hes been demonsivsted in this irvegularity
and 1% is suggested that wagal stimmlotion is responsible for this
ineresse in suriouler ireitability. The bosie mechanisms upon: whieh
asurigwler arrhythnie depond are decrecse in velative refractory
peried, condustion disturbances, inhibition of the sino-aurieules
nodal pocemalker, initistion of ebnoraml sgbonic foel and increased
syocardial ir-itebility. Any of Lhese ehanges from neraal may indoed
be the panse or the effect of the avrhythmia, So far as is knomm,
the shove mentioned phenomens are insenarable from the arrhytlvda
iteel? and have Loen used experimentally as objective oriteris for
assay of ambifibrillstory drugs.
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Ds JECHANISE OF AURICULAR ATBUIYTIRIIAS

Certain of the cardias irregulariiies are sometimes spoken of
es chaotio rigiimes and cheotie nay be apily used o deseribe the mage
of gonfliebing viewpoints and theories rezanding the mechanisne
respangible for the arrhythwiss suffered by the heart, Thore are
saveral theories each of which sppears besed upon solid theoretissl
Fowrdation and bagked by lsboratory experimental results whieh are
reedily reprodusible but not seen elinieally. Pew of the major
protagonisto will acoept any part of an cxplonation not their omn.
For this thesis, an sttempt wes aade to study exhoustively all
possible explanotiions and experimental prooedures with the hope
that some “middle roed® or combimsiion may provide a plausible
BNSWHT

Severel thoories have beon presended to explain the phenomenca
we now call awriewlar fibrilletion. It woulld be somewhot futile to
sttenpt Lo present all of the explanstions regarding this condition.
The study of sardise physiology and arviptimiss hes ocoupled much
time and offort by an un-~mumbered host of investigators. The prinoi-
pally defined and best known theories Lo explaein this condition are
presented herewith with no intention, 2t thu presemt, to favar any
ene explanations

The oldest explanstion is that offered by Engelmamn(10), e
explained the condition by the presense of multiple exira-nodal foel

in the auricle. Independent rhythms produse inccordimeted and rapid
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ninute contrsctions of the suriele. Kiseh(32) providea some experi-
mental evidence that such was the onse Ly recowding loosl teeiyn-
systole Ly direed aurieular electrogrmms from different points of &
hearts This Lachysystole was present oven in some egses of 8 non-
£ibrillating suricle.

A glight modificetion of this theory is the explenstion of fored
by Bothberger and Winterberg(12), Rapid unifosel bachysystole 1s
the desoripiion epplied Ly these investigetors, This theory is
different in two minor respects from thet of Engelmemny a single
focus, rapldly firing es opposed to many foel firing et slower,
though incoordinated retes. This is slso a basie for the wiltarian
congoply olow dlscharge from the ectoplc focus Sccounts for promabure
surienlsr contractions, as the rate of discharpe increases flutter
appears and flnally fMibrillstion.

The thixd and most populsr theory has been the concept of & wuve
of axcliation traveling around the tissue ring surrounding the venn
eavae of the heart. This i the elrgus movemat theory prepounded

by Lewis(13), Mayer(37) obmerved thst o stimulus applied to a poimt
on the "rin® of a Jelly-fish would trevel, ordimarily, in both diroge
tions arcund the rim. Rapid it,im_xlst&an or & temporary ocolusion
bloek of one arm of the ring would frequently produce an exeitement
wave whieh would procsed in one diresetion only and would eontisue
this path for magy bours. Mayer later obsorved the same effect with
amphibian hearte. The adaptation of tils theory, eapeoislly by
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lewis, to explain mamnalisn and especially huwsan surieular flutber
and £ibrdllation hes only recently been scricusly challenged after
aome thirty years of unqualified accentance,

A somewhat ecomplex theory which appears o have ab lesst as
elenent of the Nayer theory is that of DeBoexl®), This 1s the
concept of Lroctiomnted conbrections and has slso been tervied the
Ioentry phenonenon. A deseription of $his concept appesrs to be a
special type of circus, or better, cireuitous movement of an
exeitant wove through the entire suricle or curicles. The oireal-

tously troveling impulse corbimmously stimuistes exeitable tissus so
that the stimlstion and eetivity is perpotusted. The pethway is
gulded by the mesence of small aress of refractory tiseue, Since
refractoriness is only tenporery, the oxcibtetion wave mey re-eubey
the originel area wnder question at som later time.

The old theory of unifocsl tashyurstole has been re-dntroduced
fairly vecontly. This is the proposel of Scherf et 21(20) ana
Prinsmetal et al(37). Both of these authors, but Prinzsetal in
particuler, have shown evidence for & single repidly discharging
abnormel etrial foous, Prinsmeta) hee cast doubt on the Lewis thoory

of the girewiating exeitant wave by cinenatophotorrashie and
oselllographie recordings of aurisular fibiilletion in both XY iw
mental animals ond men. These plctures have failed o show the sirens

novezent of exeitement or contraetions Other theories such 8 the
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ufpsctionated myocardial conbraction® of DeBoor, the "multiple nmimdte
re~onbry® and "mulidple solf-sustained nicrosystols® seom to be
modifications or combination of one or more of the main theorles.

Kiseh(38) aptly states in his review of the mechsnics of fluibor
and PMberlllation,; "nong of the {four) main theories of filedllatlon,
today 8till existing have up to date been convineingly proven or
disproven. The main feature in the mechamism of fibrillation may be
emphasizged the ssynchronism and the enisorhyblmiz of guick contrac=
tions of the different parta of the heart in Ffully developed fibwile

latian®,



B. CAUSES OF AURICULAR ARIIFTIMIAS

It ean bo stated at the outset thet Lhe ultimete csuse of
aurioular fibeillation is not known. Many conditions seem to
produce a pronounsed ymdispmiﬁion to tho condition either acting
singly or in combination. Mitral stenvels is probably the most frequant
concuryent Jinding wi‘t,h elinical suriculor fibrillation. Rheumatic
haart disesse hes Leen found t0 be present in many pationts, Arterio-
sclerosis of the coronary vessels elso appours to be a common ;i:mi&ng
as does fibrotlic degenerstion of the wmyocardiwm. Aoute infectiong oy
toxielty to the myocerdium appear to be in & bxoad group of none
spocific causes, these include: diphtheria, scsrlet fever, aeu\z‘,e‘
rhewmatle disesses, pnoumonie, malsria, large or generslized abscesses,
gleohal, nicotine (tobscso), ges polsouing, food poisoning and ether.
Hypertension wiich is & aymptom or result of many of tha above gondi-
tions 1s quite froquently assoeisted with suriculsr fibrillatisn.
The hypertension may be a chronie condition which begomes moute dus
to some other gomplisetion or it may be an acute episode saused by
exertion or exgitement. Thyrotoxicosis is also sn important ecsusative
fagtor and may be the only other findine in suricular fibrilistion.

Auricular fibrillstion may thus be csused by an extended variety
of factors. Welvular defects, rheumatic heart disease, coronaxy
arterlosclorosis, myocardial fibrosis, hypertension, acute toxic
infectlons, especlally those affecting the mocards um, alcohol,

nicobtine, ges polsoning, food poisoning and thyrotoxicveis are all



elinical couwses of surlouisr dysrythniss and espeeislly suriculey
fibrillation. Txperimental conditisns -yovoking or predispogsing
to this eonditlon are eardise distentlon, anwia or lesions of the
myocardium, reflex, mechenieal, faradic, or elecirical stimulatic
of the aurdicle. High or low temporatures to the body or heart and
adninistration of s wide variety of drugs such as digitedis, quinidine,
asconiting, borims, calelum and potessium ond most of the eholinercie
drugs repressut more definite experimoptal couses of the coudition,

Bueh 2 mliiplieity of predisposing fogtors to awrieulsr £ibrile
lation demends on snslynis to elucidate a conmon basis for the dise
order, WNitrel slempsis, coronary arteriosclerosis, myocardisl
filrotle conditions, snemia, snoxia, pneunonia, violent exerticn or
emotion and ebonormal temperatwres all strongly suggest ultinete
insuffisiently of oxygen and nutrition to the myocerdimm, Distention
of the heart likewise suggests poor nuteritionsl state and low ooy
genation. The heart strain present in Yyrotoxicosis sugpeste at
least two possildlitles; Iirst, myveardlel overwork with congeguent
depletion of netabolie stores with inability to supply adequate oxygen
to the myocardium due to exoessive oxypen demends olsewhere in the
body or secondly, taxic effects of thyroid hormone or its metabolis
breakdomm mwm on the heard.

The effecto of bacterial toxineg mx! miscellaneous non~specifis
drugs such a5 alcohol pmdant. a diffioult quostion far anslysis. The
bost anewer eveilalle apresrs to be thet the membrene of the tissus
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cells is albeved, causing thew, in eflect, to be mare irritable, l.e.
have & lower threshold of excitebility. A move precise answer appeays
fer from possiltle at the present time.

The study of the effects of the chwlinsrple drugs, acetyloholine
and acotylsmotlyl-chioline and the acelylcholine esterase-blooxing
drugs appeers 4o approach the basis of the entive question of curdise
errhytlmian, In sertaln cliniesl and experimentsl conditions, those
drugs provoke awdiculsr £ibrillstion & high perdentage of the time.
The mechanism 1s fer from clesr, but appeers inseparsble from ihe
eellulsr membrane and the slterations lmown to ocour at this swrlaco.

The bagis of the affect of burns, troumas, maleris, anoxia, and
anemia may depend upon chenges or alterations of electrolytes in
plasma, erythrocytesand muscols tissue. Caleiun 48 lmown to be low
in the overworked heart. Potsssium alse leaves the heart in the stale
of exhaustion by fetigue or depletion of motabolic stores.

Whatever the substance provoking suricular errhythmias noy be,
and there is no assurence it nay be sny of the above mentioned
maberials, il hos been glven the neme 1" {emeitatory) factor Ly
Nahum and Hofl. Orent et al(ll) welisve tiis factor to be eopine-
phrine on the besis of experiments perforwed on intact auwricles
of the hypothormie doge Pert of this thesis wlll be a review of the
more 1lkaly substanges and conditions which may be the "B* faclor,

¥yooardiel snoxia appears to be one of the more profound
faotore predispoalng to parasympathetie hypersensitivity snd the
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resuliing auriculsr flutter and fibrillstion when parssympathetic
drugs are injected. The wark of some authars (Smith end Wilson)(s2)
points out the possibility thet anoxis may be the "EY factor of
Nahum and mff(ha}{

Lecording bo %eaniak“‘m 2 Vaqmu(ﬁ&') in 1911 was the first to
attribube anomenia as & cause of suriewlar filrillation in humans.
Vaques noted amriouler fibrilletion in petients with wmyossrdial
failure but observed that the fibrillatien disappeared with oircuw
latory improvement. Go1e(k6) pointed oul that lobar pneumonis quite
frequently predisposes to spontaneous awriewler £ibrillstion (35
por cent of ocases). Reanick m;mrta thot othey types of pneuwnocoewic
infeetions wideh do not produce anoxis 8lso do not csuse eardise
arrhytimias. Such evidence diminishes the possibility of this buge
teriel toxin csusing the arrhytheiss in Wis perticular case.

Reanlek periormed experiments which veried the amowmt of oxyren
in exygen=nitrogen mixtures Orygen saturetion of femoral arterial
blood was detewmined. It wes found that early and inciplent anomemis
predisposed the surieles to fibrilletisn, but thst the lete effects
were Lo Lohibit fibrillation.

Swith snd Wilson(l2) performed 8 different Lype of experbmnt -
they perfused the coronary arteries with snowemic blood. They reported
the only altered factor was this enoxia, but they reported inberndte
tent spontaneous suriculer fibrilletion. In addition they revorted
that the snoxls caused hypersensitivity to peresympotheiic sgents bub
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that spontaneous or indused Tibrilletion wes prevented bty adequate
re-gmypenation of the perfusing blood.

Porter in 1893, presumably working with doges, wes the first bo
note the effect of anoxemis in producing spomteneous asurisular
ribrillotion{d?), e aleo moted thet this fibrillation disspresyed
when the coronery vessels were perfused with axygenated blood.
Lewis(53) roumd thet peroxysmel surieuler techyeardia, & disorder
ginilar Yo suriculor fibrillation, frequenitly followed exporimental
Ligstion of the right coronaxy artery. Dedoer(d®) noted awtewter
fibrillation alter eoronary ligetion or whon the heart wes in %a poor
motabolic state®s Gorsudel(59) also mentioned arriytimiss csused Yy
myocardial “anemia® (hypoxia). Master et ai{%l) suggested thot
avrdoulay lbpdillslion efter aoute soronsyy tGwrowbosis depended upon
altered metabolisn, snoxemis snd lmpaired myvsardial matruition.

Prinametal(37) has shown that snordls frequently converts eooud~
$ine-induced surieular flutter to ribrilistion. Nabum and Hor#(l3)
found thet snoxia fsvored the nroduction of fibrillstion by cholin-
ergio drugs.

Some clinieal conditions of anmcia do not produge arrhythmias,
Among these is the cbserwation of lafreguent aliniesl correlotion of
emphysent and certoln conpenital cardisc disturbsnces. This may Le
on ths besis of chrondeity and thet gradually the myoccardium hos
bocome Lowved {0 low ogypen tension.

DeBoer(4?) was apperently the first to note thet snaxic anemia
played & role in Dibrillation. Ye worled with the bled frop's heord
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and obsspved $thiat properly timed stimdd would ceuse fibrillation.
He noted that while the bled heart, which wes deficient in mutriment
gs well az sxypen (ond cholinestersse} wos prons to fibrillate, the
normal heart 414 not show such 2 sensitivity.

Anewis hos been observed to cause asurdeular fibrillation in nen
(Schdicter){58) und experiments with dogs heve been perfarmed whidh
mimle this olinicel syndrome (Horlick and Surtehin){53),

In order Yo study the possibility of relative or general angmin
predisposing to perasympathetle hypereonsitivity, Horliek and Swriabin
porforned several type of experimenis to cwrelate amamia wiih
arrhytimisg, This wes done by msasuring hewoglobin lewels durlng
adninistretion of certain hemolyiic egenta and else by bleeding of
controlled quantities from the experdmenial enimels. In all cases,
lowered hemoglobdn caused an inoresse in sensildvity to acetyleholine
snd lowered the dosage of this drug cousing seocondary bloek whan 1t
was injected intrsvesouslys The suthors ouggested that the anenis
goused relative myoeardial snoxia which oredisposed to suriedlar
irritability. They slso suggested & yole of deoressed availebls
cholinosierase as a possible mechenism of the hypersensitivity.

Teomperatore varistions from normal, ospecislly thet of low
temembare or hypothernis hove & strong Influence to instigate
spontaneous suriculer fibrillstion or mredispose the heart se thed
it is hypersensilive to perasympatbetiec deuge. These hesrts will
Lirillate readily when these drugs are adminislered, Dpuxy in
1925 wes apparently the firet to demousivete that cold would hawe
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an isportent effect upon cardiac phyaﬁ,olog(ﬁ}n He showed that
cooling of the surleulsy museulature prolonved its refyactory pssriada
Gonfuston of the isous is caused by Lewis and Drary(55) who in 1926
gooled the sxperimentally fibrillating surlcle end noted that Iibwil-
Jation ceased.

D411 and Forbes(58) pavlished the Pirst vepert of Mwmmn potients
suffering spontanesus aurieulsr Cibrillntion ceused ly artificial
conling to 300 ¢. Talbot(5T), grosse-Brociiore(Z8), Alexander(5?),
waybum{60), apazbiel and Dawe(6l) nave also reported similer oheer-
vations in men. Moot of these subhors showed thet the sardiac
arrhytlmias wos due to ooncomitemt emowertia although Orosse-Droclthoflf
dendsd thise Hognewer ot al{62) (83) nave indicated with rigidly
conbralled anima) experiments it i indeed the Yissue hypoxis, s
differentiated from hyposenmia, rather than lypothemia which is
responsible for the cardiae arrhythmics.

Tyroboricosie 18 a classieslly recognised fastor which causes
aurloular £ibrilletdon. Parry in 1786 Piret sssoclsted candlac
pathology with hyperthyroidiss and many sdditional clinieians reporbod
interntbtently of cordiamc arrhytimiss sesocigbod with ihyreld yper-
runotionlSl), lobius commenting upon the asseciatlon of thyredd
diseass ond heart disesse stated, "Basodsw petients (thyroloxle)
suffer and die therough their neortat(60)

The firet modern writer to etudy surlenlar fibrilletion and its
assoolation with thyrobaxicosis was Krmmbhear in 1918(58), ouner
suthors previously reported both conditions, but he was the first Jo



study eritdeally the Intimate asmociciion of the two clinienl
conditions. After tnie & mwber of ¢linical pepers appeared
corroborating Kmmbhaar's finding and broadening medicsl knowledge
eoncerning thisz lumportant ¢liniecal sscociation.

Goodpasture in 192) wes the firet of a series of experimentors
who produged hyperthyroidisa Wy injecting or feeding thyroxine or
dessioated tigrold{6T), It was the intentien of these individusis
Yo produce speeifis hesrt lesions or patinlogle lesiens, Mo leoimms
were found definiiely attributable to thyrexine or thyroid extroots
althougls evidence is strong that cardiac overmrk could have
producted the same changes (Meme)(68), The probavility of e
thyrold toxin was conelusively disproven by Holmtyre(%) 1n 1931
and Yariowite and Yater{70) {T1) 1n 1932 wno showed that thyrexine
itself stimnistes all muscular tisses direotly.

The intinste essocistion of cardise irregularities, hyperthy-
roidien and perosympathetic drugs was discovered by Nebum and forell3)
while they wore studying sireulation tinme 1a lyperthyroid petlents,
A part of & thesis om nechenism of swrlewlor fibrillation, Weston(72)
noted thet experimentsl hyperilyroldism eould be produced in the dog
and thel these dors were hypersensitivwe to parasympethetic drugs
which wore injected intravensusly. Tho obeervotiomns of Nahun and
Hoff and Weston suggested a thorough inquiry of the produwstion of
experimental thyrotoxiconis by feeding of Lhyroid extract to
laborstory aximals (dogs). It further suggeeied thst this method
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might be a wseful tool for the produstiocn of hypervagotonia or
sensitivity %o chelinergie druge and the sludy of surleulsr sryigiis
miae prodused by ilrtravenous injeotion of these drugs. It appeored
probables thed a method eould be devised Lo sereen anti-arriyiimie

Arugs.



o CARDIAC PATTOPHYSIOLOCY IF AURICUZAR ARRSYTIMIAS

A wvariety of pathologieal eonditions ssuse surieulsmr fibrillastion.
Pure heort pathology sueh as rhewsatie heart lesions inn‘lz&ﬁing andos=
sarditls, mitrel stemosis and other valvdlor involvements, arterio~
sclerotic coronery vessels, syphilitic heard conditions ineluding
asortitls a1l are ssseovisted with suricular fibrillztion, Yot ecach of
these pathological conditlons are found without asricular fibelllstiem
being present.

Hitral stemssis with lefl suriculey dilatotion is the oost
oosson conditlion sssecisted with surdeular fibrilletion. left awricn.
lar diistetion especially, bub also sortle dilstation emd dilatetion
of the ripht surlele and great velns gouse reflex vagal stimulstion,
The vagal reosponse relesses asetyleholine $o the myvoardium, lowers
the stimilatory threshold of the awricle and simulteneounly resulds
in stimlation of the cardlo-aceslerztor norves, with the welease of
epinephrines, This epinephrime in conjunetion with acetylcholine
possibly astivetes eobopic foel and yesults in surieulor fibrillation.
The stellate ganglis medistes this response o8 has been shown by
operations in which this genglion was remowvod before, the patdient had
uncontrollable tachyosrdis, after the ranovel, he retwmed to normal.

Whometic fover nay sensitise or stimilste perve endings reswlding
in a hypervective vagus, The incresse in PR interwal noted ia thi
eonditlon 1s also produced by wegsl stimulsilon Ly feradization ond

alse by injection of cholinsrpic drugsz( 731,
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Uopronary dlsosse snd infarctions ney ;m;ﬁuce suricular f‘iﬁmﬂnw
tion by different means,. In these conditions, esnosia ab the norve
snxiings may be responsible for the m&dmtw or potentistion of
vage) eblmui-tion, Techyosrdia is aleo a gymplom which may be caused
by anoxic induced stimilstion of sympathetlc nerves. |

Hypertension with cardise diletetlon and fallure produce a
sondition which is slso nnoxis in matwre. In these cases Lachyssrdia
i wmally the result and may possibly be expleined by ressous given

aboeg.



. Gs THERAPY OF AURICULAR ARRIIIIBIIAD

The thevany of suriemlar fibrillation involves the correction of
several simditonoous sbnormalities, Some drugs prolong the refraetory
perind and/or condusbion time and as ¢ consoquence arrest aurdeuler
fibrilletion. Obher druge shorten the refrmectory period and conduo-
tion time bult also neutralige the fibrilletion. Another class have
neither an effect upon refractory period nor conduction time but
neutrelises fbriilation in therapentls doses (Ven Dangen){7h),
Several of these ™ype" drugs heve been employed experimenmtally and
elinleally with varying suocess.

Guinldine, the dextro isomer of quindns, rmmains the drag of
choles for uncorplleated auriculasr fivrilietion after forty jyoars
of experiment and iuvestigetion for a bebier substitube. Neny of the
other cinchona sllkaloids, synthetie and mburel, have been tried on an
experimantal basis, but none approseh thw usefulnsss of this drag.
Megitalis properetions are strongly indicsted in the patient with
the eomplication of congestive foilwre, Neny csses which ineluded
both surdealar fiteillstion and congenstive fuilure are gorrechoed Ly
the slleviation of the congestive failuwre through the sction of
digitalis, | | ‘

The soarch for move wseful and sefe aiflbrillatory drugs
has produced procalue, procsing amide, quinscrine and many olhors
811 of which have been of soms clinical use but not grest escugh do
replace quinddine.
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For o gonsiderable perind of time 1t appeared that s oriteris
for antifibrillatory sciion was a gonorsl entsgonism to eploephrine
and/or ueobyleholine. Experiments reported herein indicate thot

this is, unfertunstely, not the cuss,



H, MECANISH OF ACTION OF ANTI-ARRIYTINIC DREUGS

The sltipileity of couses of aswrlouloy arrhythmise nocesslilioleos
a mulsindieily of therapeutio meosures and agents for thelr allevie-
tion. Acute or chiwonle becberemias and tozemiss must be succesafully
treated by antibioties. Anemie must be corrected to provide adegualc
oxygenation of the myocardium. Thyrotoxicosis mist be controlled as
a separate entity before any specifie cardisc therapy cun have other
then a tronsitory effect. OCongestive failure, whether it be couse
or effocty requires that digitalis must Lo administeved first to
inducs & more regular, stroager systole but also to prevent cardise
irregularities once gquinidine or similay thorapy is wundertslken.
Kachaniocal defoets, if preseat, mast be corrected.

The mechanionm of action, the oriteria of an asnti-arrhythwmic
drag and the sotionm of quinidine as an antifibrillstory drug are
almost synonymous. The drug chould lengthen the relative refraciony
period without producing & supomomslly sengitive stote. I{ should
pravent or eradicete lossl blocks anu regiore or saintela Lhe anormsl
propensity of the myosardiws to act g8 2 single unit. It should
sbimtlole or poteniiste the nervous gyetem as It perteine to the
heart. It should not merkedly depress the contractility of the
myoeardivm. It should not slow myecurdial eleectrieal conductlion
{Di Palme and F‘rchul‘ax)(?ﬁ. The ohief dlfficulty in the action of
quinidine {s thet in therapeutieo dovss the drug Jdecreases tha
condustion tine.s This effect is over-shadowed by desirable resulis in
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all the other importanmt polnite and guinidine for this reason is
a3ill the dmug of cholee.

Van natmn(?ii), after & large series of experimonts with many
differad® drugs, proclsimed thet the abililtles of a drug to supnross
heterotropic (ectopically induced) rhvrilme was & more aceuraie moasua-
mont of smtifibrillstory poteney. Printmmetal et al(37) and Severt
et all75) appoar 4o sseribe to this view as correct. There sppsars
to be w0 possible answers %o the therapeutic efficacy of anti-
arrhythele drugs in this cesej the drag abolishes the ectopic foeus
aor foel or the exeliing factors or, the drug reises the stimletary
threshold of tle myveardium so (hat the foous caonot "fire® or cannot
exeite the neaxly Lissue even if it doos "lire", g modificalion of
this Lheory uight be that the “firdog® rete ls slowed so that the
nomal pecemaler will take over ai s slightly more freguent rute.

It has bean ehown that quinidine will inhibit epinsphrine
induoed tachysardis in the heart-lung prepavation of the dog
(kvayer) (71, Dipheshydremine, certain other antihistanines and
some other chamieally related drugs have been found to depress op
inhiblt epinephrine induced techyrerdis in ilw isolated rabbit
suricie snd the same effect may be observed in the inteect dog when
agetyloholine is injected and epinepladne is released to the hoard
by the scetylcholime stimulatlion of the advrensl medulils.

Asetyicholine lowers the stimmlsbory thyeshold of suricular
tissue but this setion is also blosked by quinidine (Starr)(70),
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(tewis){7?), (voston and MeCawley)(%0), pishemhydrenine, stropdne,
quinacrine; proceine emide, Benthine and meperidine have been suppested
or used 88 anbilibrillatory drugs on the basis of thely anti-wagal
or paragympatholytie sction.

It thus appears thet s drug must have & three-fold setion Lo be
an effective antlifibrillatory drug, namelys

(1) I% showld Meck or dopress the action of the vagus neyve,

(2) It should inhibit the setion of epinephrine on the
myooardimm, ond

{3) It should elovate the stimlatory threshold of the
curdiag tissue.

It might be sald thet up to this time no drug has been found
which le satisfactory se well as effective in 11 these respogis.
Quinidine sppeare the best after some L0 yeors of olinieal use
although the drug has meny undesirable side offegts. Diphenhydramine
appesr? a2 & hopeful replacement or adjunct but the use of the drmg
is hampered by o short durstion of actlion und some minor but dise
tregaing side asolions, Wew drugs are constantly appearing and
severdl of those now drugs are herein peporied as a comparison to
the older staniard therepeutlc agenis.
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I. SDMMARY OF PARD OUB ‘

1s A rveview of the nommel physiclogy and properties of the
heart, the myocardiwm and the myocardisl "oell” has been dizoussed
with & view of establishing & foundotion fop consideration of Lhe
alteretions which ogeurs, whether they be gross, fine or perhaps
obsewre, to inltlate and perpetuste aarieuler arriytimias,

2, The probable and possible nechanisms of lnitistion and pash o
tuatlon of arrhytimis ore pointed out s dlscussed and eveluated.
The "Clrgus Wovemernt" theowy i{s rejocted and the thoory of focus
discharge io fuostered as an explenation with reservation thet nons
of the many theories have been sdequately proven oy disproven.

3. The causes end pefhalagy of the surieular srrhytheiss are
reviewed and anslysed in en effort t0 eircwaseribe the ultimate ocouse
and effeot of the abnormalities.

he The present therapy of auricular arvhytimiss 4s described as
being essentially empirieal with an enpirdeally used drug as the basie
therapeutie agent and the standaxd for all obher COLPaYi 80T,

5» The mechanism of action of drugs wed in therapy of suriewlar
archytimise i discussed with the hope of setablishing eriteria for
the development of 2 new synthetle drug shdeh will fulrinl the
therapeutic requirensuts on the hesrd without possessing the lia-
bility of undesireble side actions,



It TENPAL WETHODS USED TO PRODUCE, ANALYZE, PROVEM
AYD ARREST AURIOULAR AJRAYTISIIAS

A. INTRODUOTION

¥any potentially useful methods hove heon devised for the evaiua-
tion of druge for the therapy of aurdcular Librillstion. Most of
these tocimigues are derived from obmervabious on olindenl paticots
and attempt to test directly some physiological property of pardiec
tissus,

Iaolated tisowe studiee chiefly ewmplay electricsl means %o
quantitete chonges in the refractory perlod end slso the altsmmtions
in stimulatory tlweshold in noxmal, pathwlogical and medieally treubed
mreparations. Chemicel and mechanical methods of stimulsilon wilh
isolated tissue have aiso been studled but these appear to be too
diffieuld of quantitation or too unreliable of executlon for srperi-
mental drug evalwilon.

Mothods nillising the extire animal with open oy inbact chesl sre
very muerous. The fact thot there are soversl differeant methods
indigates the inadequacy of any ome of these methods of the production
of suriculor dysrhythnis or evelustion of prephylaxis or theyapy of
the abnormality ones it is initiated.

Laboratory mothods have, of nocessity, followed oliniesl cbseyva-
tion of cezdise sbnormality. Most of the foctors which prodwee
eliniesl aurdeuler fibeillstion have Lesn adapted for experimental
use by varlous investigetors. Thms, anexia, acaxis, hypothemmis,
hypervolomle, bacterial towenmiz md in thie siudy, thyrotoxicosis
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have been sorutinized and evaluated for appilcalility of study:. In
2 difforont way, other more complex wethods have Leen devised. These
methods hove amployed artifieisl infarets produeed by a varlety of
msthods. Other methads vequire injecllon of various drupgs intraw
venously, intra-arterislly, sub-epicardially or into the covonary
vessalp, Many procedures requive combinetions of drugs with and
without mechonienl or eleoetriecal stimlztlon and these mey be wnployed
during or after the dmg eduinistration, The complexity of most of
the intoot animsl methods will be showm below end it &8s to be noted
that the procedures become shronologieally more complicated and
require an inoveasing smount of highly coamplex equipment.



B. OBHERAYL EXPrROGNTAL PROCEDURES

The experiments described in thls thesis are mainly of tia‘ea‘
typos: |

(1) Intact anima) without snesthesis,

(2} Inbact animal wnder pentoburbital anesthesia, amd

(3) Open ahest animel under pemtobarbital amesthesia.

A minimom nusber of experimsnts wers porformed without amesthesia
as most of Lhe procedures required condlimuous Infusions, intemite
tent infusions or injections,

Feperinments performed on unsnesthetized animals required some
treining of the onimels conzisting of teoching the aniuia o 1le
still wpon an opersiing table while electaocurdiographs were
recorded. This treining wes done with dogs carefully selested fopr
aild or quiet dleposition. Injections, vhen necessary, were maide via
a saphenous vein with 8 21 gauge needls. A Sandborn Viso~Zardietle
alectrocordiograph was used o recowd cordise changos. The glectio-
sardiograph was ususlly ellowed Yo run continmcusly for a period of
ahout ten seconds befors drugs were injected and continuously theves
afber witdl the shunges produced by the drug hod reverted to normal.
In a fow cabes 1t wae neceassary to restraln the aninel on ite baask
on stoclks ond Inject via & femoral conallo. In these ceses the
operated fleld was heavily enesthietised by injections of 2 loenl
anestheble and wet packing appllied to the area onoe the skin was
incised.
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Operations performed upon intset animls were secomplished uwsing
anesthesis produced by pentobarbitel {35 mg. per kg.) which was
adninistered intraperitoneally. Pregquontly thie dosage of pentobiar-
bital uwes insalficiont and it wes aeccevstry (o suppiement &8 neoogsary
with one-balf $o one grein (0.5 4o 1.0 ml.) of ihe pentobarbital solo-
tion. Supplementetion was scgomplished when possilble by intrevenous
injectlons, ostlorwise by intraperitonsal injection. '

The open chest procedure weas sccorplisied with the anincls with
a nechaniosl yespirsior ocontwoted to o Lrucheel canmula. Opermtive
procedure for the “open chest" ¢onsisted of nidline incision tho
full lesgth of the stermum and careful incision o the cutansoue
brenches of the indernal memmary erieries ré:inh‘wm ligated or
slamped with hemostatie foreeps. The stornum was #plit longlitudi-
nally for its full length to provide adequate exposure of the hward.
The heart wes on cceasion supported in & cradle formed of the split
pericerdium. Usuwally, however, this was undesirsble as it prevented
oxposure of the left auricle when the dog was pleoed in 2 latersl
position, The stimmlating electrodes worv placed in the righi
sarigular appendage. Gold number 1L fishhoolks were used.



8. IHDUCTION OF AURICULAN ARMITTTIAS
BY SYMPATHETIC DIUCS

That sinue techyeardis follows epluophrine injeotion is well
knowns It is nol so well kewm that petients with a tendenay for
paroxysmal surieular flbeillstion Dud with ne other evidence of
heart disease will dewliop fibrillation following intravenous
epinonhrine injevtion. This filp-illation may last an hour or more
(ot50)(%2), (Smith end Hoody)(B2). These ciinical obeervetions,
as are many othors bherein reported, huve been adapted for laboratowy
exporinents to study cerdise arrhythmiss, their prophylaxis and
trosimonda v

Bxperiments sisdlar to those of Gront ot 81(bl) were undertaven,
These investipgators found thet epineplwine sdministered at a rote of
1l mogne por kge per min. with conconiibant vagal atimmlation
elicited suricwlar Mibrillation. Epinopiwinge injected slone (0.05-
0sl mgs) mroduced murioulsr fibrillstion slso, bubt none wes observed
with the low rate of continmous infusion, Stimulotion of the right
vagus was famd by them o be six tines wore effective than stimilo-
tion of the lefbs Obher investigators, Rosenblum et 21(83) ang
Aunanin and awm(%), were able to induce surienlsr fibrillaiion
by adeinlstz-tion of epinsphrine olone 1f the snimsls were in 2
hyperthyroid state.

The expo iments performed in this study consisted of apssthobie
zing the animals by the ususl procodure, exposing the right vegus
for stimulation and injeeting the epinerhwdne vie a saphenous oy
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femsoral wein with 2 syringe and indwelling hypodemmic mnsedle o with
an intravenous camula. These injestions produced trensiecnd
{2-3 second) muriewler fibrillstion followlng the cessetion of vapal
stimuietions Becsuse of the very brief arviythmia, the method was
sonsldered $o Lo of 1ittle walue as an exporimental tool.

llarwepinerizine, prosumed by some 40 be the true neuroeffector
hormone s in similar type of experinment rwoduced somewhat Ionger
suriculer Ahelilation but this type of exporiment also wes fold
o be non-physiclogliesl and was abendoned in faver of more pronising
proceduros,

The injection of cpinephrine in such doses as 10 megm./kg.
followed immedistely by vegsl stimmlation (S.h volts, 1.3 milliscoond
palse duratlon, 3960 per ninute for 2 seconds) caused brief suriculer
flatter and/or fibrillstion, This was followed by rapid, frvegulay
venbricular astivity. Preoquently, larper doses of epinerhrine
(2L=59 megne/lge) or inereased vegal stimmlation (30-50 volts,

1.3 millisecond, 3980 per minute for 2 seconds) were required to
produge this sort of result. The suricular fibrillstion preduced
by this mothod consisted meinly of & rapld lrregular ventrisuler
rate (oa 205 per minute) with slow P waves oa 1200 per minute,
Slower muricular fibrillstion (80«90 waves per mimte) lasted wm
to thres secouds following terminetion of stimmlus.

The injectlom of mor-epinephrine (lovophed(R}) 2 mogm. por kg,
with right vagel stimulotion {50 volts, 1.3 millisecond, 3600 per
minute for 2 seconds) produced more prolonged auriculer fibrillation
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(75 seconds). The character of the arshythmia »rodused by this
procedare comsisted of an initis) slow venirisulsr rate (B80-8G/min.)
insrecsing to (200-210/min.), then decrcasing until normal rhytlm wos
vesumed. Oceesionally & premeture venbriculor systole appeaved with
both types of procedure.

RESULTS AND CONCLUSIONS: INDUCTION OF AURIGULAR
APRITTHNIAS WITH SYMPATHETIC DRUGS
Tids type of experiment in which the sympathetic drugs were
aduinistered alome or with vegal stimlation wes felt to be
msetislactory due to the short durstion and lack of predictability
of the arrhytimia prodused. It was hoped that other procedures
uight be nore slvantapeous and this {pe of euperiment wes abundoued.



D, THDUCTIOR OF AURIOULAR ARUIETINIAS BY VAGAL
STOALATION AND VASGOMINEITIC DRUQS

Eleotrical stimlation of the wa us nerve produses cardiae
srrhyiimiag in a relatively sonsistent mmmner although the arviybhndas
aye fleeting. Paradigation ls somowhot more satisfectory as i1 nesrly
roubioely provales awricular flutier or fibpillation during silmila-
tion and for a few seconds following the termlnsiion of stimlus.
The short duretion of suriecular irregulsriyy has been found, howewer,
o be of 11t4)e wvelue for the experimentsl production of fliwlier oy
fibrilietion end, therefore, of little wvalue for the assay of wtlie
fitrilletory druge. Vagel stimulation is wseful 28 a part of otiwy
mothods ag will be shown subsequantly. This method, once the basis
of action was underetood, provided the foundstion for a host of
othey type oxperiments, These experimente employ the substance
released by vogel stimuletion - asetyleholime. Vegel stimuwlation,
though in iteel! of extremely limited usefulness, has provided the
reans to devise other experiments of Loy greater ulility.



B INDUCTION OF AURICULAR ARRITIBIIAS
OY PARASTMPATIIETIC DRUGS

Aeetyloholine was found by Salhwm and Hore(l3) 4o produge
distwmbances of surienlsr rhythm end donduction. This has boen moted
espocially in the thyrotosioc human patients. Controlled inbrovencus
injection of carefully graded inoremsnts produces muaimiy more
sevions disturbances wntil finally, in & suseeptible person, & eertaln
dosage will produge on episode of awdeulsr fitrillstion lasting for
a few Lo seoweral secondss Increasing the dose will prolong the
opisode. The adninistretion of acetyleholinesterase bLloeking agents
will prolong markedly the action of asetylcholine, scetylbeta-
nethyleholine and presumably other simllar drugs.

The method undertaken in this sbudy employed unselocted dogs;
the only eriteria being epparent good health and weight which exoceded
12 kilogrouss Dogs fasted overnight were ansethetised im the usual
memmer. The smdmals, when anesthetized, wore placed supdne upon a
flat animal stock with s bloek under the Idps to prevent undue stroin
of the logs. The snimsls were seoured fimdly Yy 3/16 in. cotdon ropes
around the wrists and ankloes, bits were placed botween the teeth and
the dog's head sloped downwerd to promwite salivery and mucous
drainage out throuch the mouth. In some animals coplous thin salive
o thilek mucold seorelliones required ibat an Iaflatable eulfed Maglll
endotracheal tube be emplaced to provide adeguate alrway. Tie
procedure for injection was as follows: The ayres of the right or laft
gsaphenous vein was clipped or shaved for 8 length of 5 to 10 cenbi~
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meters amd width of 3 to L centimsters, An area for insertion of @
hypoderaic needle was selected, a towmiguet was applied aromnd the
thigh to sause venous distention and the meedle (19«23 gauge, 1-2 in.)
whigh wae atdsched $o » three-wny syyinge shop ovek and a 25 ul,
syringe was inserted and the tourndguet remsved. A speclsl threo-way
stop-gock was utilised on the hypodermis syringe %o enable the ine
dwelling hypodexsie needie to remain in place for a long period of
time,. TPor this pupose, the syringe was Timed by & buretie clamp
seoured to & ring stand.. Injections were made by attsching & small
ayringe to the third opening on the stopecock and injecting direetly
into the ani=mul‘s wein. The larger reservoly syringe wes filled $o
about 20 ml. with normal saline with .25 to 0.5 ml. of Heparin
Sodium (1000 units per nilliliter) or the sume smount of Peritol C(R)
{5%) added to prevent the clotting of blood in the syrince and meedle,
The sysben was tried frequently to insure a petency of the lypodermic
needle and an sttenpt was msde to heve the needle slways filled with
the saline solution gonbaining the antlescagulerd to minimdze the
possibility of injection of "needls clote™. The drug injections
were mide al lotervals of sbout {ive mimubos, shorter when veyy low
doses were employed tut longer with the higley dogses. This wos done
in m atterpt to eliminste respiretory emborrassmeni due to the
soetyleholine induced Lronchiolar vonstriction end the coplous
salivations In the case of prolonged exporimental procedures, an



i{ntremselar injestion of penieillin (300,000 unite Proemins
Penieillin ¢) was given at the temineilon of the experiment to
provend recpiratory infection, after bLhls Ue snimal was reburned
to 1is quariersd.

b7
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RESULTS AND CONCLUSIONSy INDUOTION OF AURICULAR ARRHYTIINIAS
WITH VAGAL STIDMULATION OR PARASTHPATHETIC DRUGS
Hormal wntreated dogs under pentoborbital suesthesia will show
8 variety ol cardise irvegulsritiss when the vagus nerwe 1s stimlated
oxr when perasympathetic drugs are injected intrsvenously. Progrossive
inorenses in dosage will produee the Zollowing suscessive series of
irregularitles: (1) ZTeohyvsrdia, which iz not the result of the
acetyleholdine, bub probably a reflectlion of the seetyloholine
provoked releatie of epinephrine from Lle cdrensl glands and otley
shromeffin tissus. This epinephrine in turn consed cerdlae stimiloe
tion end tachyvardia, AnoLher possibllity of the cause of the
tachyeardis iz pulmonary vasemlar vasedilation or hypotension whilsh
in tum provokee reflex dachyesrdia. (2) Frank bradyesrdia for one

to several boats is the next wore severe gharge. Extension of interval
scourred in all portions of the elsctrocardiegrephie complex, but
meinly noticealls inm the P-R interval and the T-P interval.

(3) single 211 strio-wentrigular blook was noted as the mext oSt severe
sign and varlouwsly prolonged A~V bLlocks wp to as memy es 3031 were
notlond ot higher doses. Irregularitics more severe than this were

() soplete heart blogk - no strisl nor ventricular electrieal
setivily - which oeomrred in somo cases up to 10 seconds. Frequently

Q23 comploxes ooourred in these oases st intervals of from 1 4o 3
seconds with no P waves but perhaps 6-10 ireegularly spaced QRS weves.



L9
The moet severe arrhythnis, and the ooe which wee eought, was (6)
aurdonlor “ibedlletions This result occwrred in six of twentywtin'ce
mornal dogs (265) with doseges of asetylcholine 1,0 mg. per kg or
less (1.0 mg. por ky. was detormined to e the maxisam safe dose fop
intrevenous adninistration and only rerely and with extemuating
civevmsbonces was this dosepe exceeded). A summary of the tebls
indicating the offects of intrevensus scelylcholine indicates that
the mean threshold dose to produce fibrillstion was 0,3 mg./kg.
(Pange 0.05-0.95 mge/lize )e The mean durstion of fibrillation at the
ninimm dose wee oLserved to be 39.L seconds (renge 12-96 sec.).
Although 231 blogk snd fibrillstion heve both been utllised for
experimontal evaluation of antifibrilistory dmge, in this serles no
ecorpelation was found between anbmals manifesting low 231 blosk dosp
and tendengy to auxicular fibrillstlon. The heart yate of the
anlaalis, wheilor anesthetised or not, appesred to have no correlstion
with Cibrillabing tendoncy.
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EFFECIS OF ACETILCHOLINE ON CARDIAC RITIM - COUTHUL SERIES

. DLl Auri- Hoars naLe Diite
endlar Mirile Wﬁ%

Dag
Humbey 211 Mogk Fibrillation lation sec. tizsed tized

?"

o e
AL 008 1.0 - - 188 12
A1Z 0,04 1.0 - 152 26
A<13 0,07 | 0.98 96 207 120
A<d . 0,09 1.0 - 177 96
A5 0035 1.0 - 186 80
A16 0085 1.0 - Y 9
A~17 0403 1.0 -— 101 108
A8 0,026 1.0 - 178 7
A<20  0.012 0.08 3% 21k e
A2 0.087 Lo - 200 86
A22 0,06 1.0 - 180 -
A23 0,06 0.2 37 225 -
A2l 0.0k 1.0 - 138 -
425 0,066 0.09 12 W7 o7
D-31 0.07 1.0 — 206 -
D12 0,04 1.0 <o U0 s
D13  0.03 1.0 o 128 —
D=1k 0.00 0,05 g 232 o
=30  0.08 1.0 - 126 -
1-31 0.4 0.2 17 120 -
1-32 0.2 1.0 - 151 e
I~33  0.08 1.0 - 155 -~
I3 0.0 0.12 2} 153 -




FIOURE I

IFFECTS OF IRTRAVEROUS ACEIILCHOLINE

1
2.

h.

OF NORMMAL BOO

Toymal control: Rate 100

Effect of minimal dose: Tachyoeardias
Rate 150

211 strioventriewlar bleck (L sequences)
(0403 mg. per kg.)

Depression of P wave (0.0k re. per kg.)
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FIQURE IX

EFPECTS CF INTRAVENHOUS ACRTYLOHOLING

Se

6.

Teo

On NOMIAL DOG
{Continned)

Prolonged P wave depression

(005 mgte por kg.)

Acute A~V block with wenbriounlay
arrest (0.5 ng. per kg.)
Continuvation of #6 showing aurienlar
fibrillation

gonbiruation of #7, 10 seconds later

showing recovery



[RRE FREAT IRE M fENT1 | 5

HiE I‘m‘rm I

fr

4 IRV TIEGS [ OE 1 BN FEFAFIEE

05 mg. per kg.)

0

(

Prolonged' P wave depression

=

i

e

1 AT

Acute A-V block with ventricular arrest (0.5 mg. per kg.)

o)

illation.

lar fibr

icu

ing aur

inuation of #6 show

Cont

Continuation of #7, 10 seconds later showing recovery,



FIGURE IXIX
EFFECTS OF THTRAVENOUS ACKITLGOLING
O HOMIAL DOG
{Continued)

9. Exerpt demonstrating induced fudly
developed eurieular {ilrillation
1.0 mge per kge)
10, Combinusiion of §9 demonstrating
transition towards normal
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Excerpt demonstrating induced fully developed auricular
fibrillation (1.0 mg. per kg.)

Continuation of #9 demonstrating transition towards normal



¥. SURCICAL AND TRAUMATIC FROCEDURES

1. THE SCAERF ACONITINE INJRECTION METHOD

The cardiow-stimilstory effect of aconitine (from fconitws
Napellus Linne or Monk's hood) has been lmown for centuries. Scherf
in 1947 published the results of the first combrolled exporimente in
whioh aconitine was sdministersd for the purpose of provoking
arrhybhaiee(20), Soherf originally found thet intravencusly injected
seconitine would provoke dangerous ventrisular dysrhytimies as well s
the desired aurlcular effect. A subsequent mpurt(ag) indicsted that
topical application or asuriculsr sub-eploardial injection would pro-
woke varions surienler srrhytlmiass which were of a satisfactory iype
and duration to study and evaluste drugs. AL the same time this
prosadure does not provoke ventrioulsr disturbances which would
interfere.

The ususl operative procedure to perfurm this experiment was
followed, Our original gxpe‘rimcnts inoluded eaveful widline incigion
of the pericardimm and suspension of the heart hy mesns of @ emdla
uade of the periecardium sutured to the morgins of the enlit stermum,
It was found thet such suspension produced Sorsion of the heart and
distortion of the electrocurdiogram. When the distortion was
dissovered, the procedure of suspension was discontimed and the heart
was allowed to setiles freely.

Aconiting solubions (0.05 ml. of 0.058 in bensens) were injected
subeepisardially into the aurieular myocardium with a 23 or 30 gawge
hypodernie needle while the electrocerdiopram was being recorded.



RESULTS AMD OONCLUSIONS: THR SCHERF
ACONITINE INJECTION MEZIOD

Within 2«3 ninutes following the sub-opiecsrdial injection of
agonitine, & rapdd surlenlsr errvhytimis develops. Ususlly a
gradually doveloping eurdeuler techysardia proceeds into & 211
Dutter with a ventrieuler rate of 240290 per minute, On oihor
ocoasions a rapld vertricular rate (200=390 per minnte) somuwrred
with sura-ventricular tashycardis ar 1:1 flutter. Urossly irrogulay
ventricular sctivity was also cbserved. Dy experimentation it wus
found that recsonably persistent suriculor Fibrdllation could be
produced for eveluation of andifibrilletory drugs. This aurieulay
fibrillstion was charecterired by lrregular R-R imtervals and
ventricular vates of 240 to 32L per mimite.

Tiree animals, in which satisfactory auricular fibrillstion had
been produced, were treated with intravenous Banthine bromide(®)
(sethantbeline byomide), Doses of 2,0 t0 3.7 mg. per kz. were injocted
intravensusly., Conversion of the :t“l;;rmmmn o mmaliwsa noted j‘iﬂ
fram 15 to 1l seconds after injection. The ventriowloy retes alber
conversion had slowed to rates of 220 to 28L per minute. In one
instanee fibrillatien was replaced by a txensibory supre-ventriealar
tachyeardia (330 per minute) which lasted 240 secouds before coaversion
to & normal simz rhythu.

In some experiments, aconitine (0,05 nl. of 0.05%) was injested
intravenously via the saphenous or femorel vein at 9 minute intervals.



FIGURE IV
SCHERF ACONITINE IMJECTION PROCLIUAE

1. Hormal comtrol: Rate 100
2. L5 seconds efter sconitine injection
(0,05 ml. 0.05¢ in bangens), demon~
- stretion of onset of arrhytlwla
3. G0 seconds afber acomitine injection.
Repid impure flutter.
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Rate 180

Normal control:

45 seconds after aconitine injection (0.05 ml. 0.05% in benzene),

demonstration of onset of arrhythmia.

Rapid impure flutter,

60 seconds after aconitine injection,



5t

Following seversl injeotions (6 to 0} persistent ventriculsr Loy~
cardie appeared {200-260 per minute). In these csses the lead II
slectrocardiogran showed upright and/or inverted QRS with slumred or
notohed QRt with the T wave opposite in deflection %o the QRS,

Benadryl (diphenhydvemine) wes administered (10 mge per kz.) in
an attempt o convert e case of vemtricuiar Sachyeasrdis with 8
changing pscemakey which was produeed Ly intravenous sconitine
injections Bemmdryl converted this ventrienlay arrhyﬁlms,a to an
impwre aurieulsr flutter and later restored a mormal rhythm. The
normal riyrblm was only temporary wnder the influence of the Benmadryl,
and the ventrioular tsehycerdia later retiwnod.

In our hends the arrhytimiss producsd by aconditine were nob
predictable in #me of omset, dureiion, nop the type of arrhythnis
produced, It wes felt thab this {yye of eperimont was useful ouly
o demonstrate a method for experimental produciion of srrigtimias
end not & useful tool for the study of prophylaxis and therspy of the
surienlar arvhytislaes.
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2, THE ROSENELEUTH AID GARCTA-RAMOS
ATRIAL CRUSH PROCEOURE

The method used for this sories of experimexts was a modilisstion
of the method of Resenbleuth and Otrelawianes (86) negessitated by
some #licht but inconsequential dissimilarity of eguipmemt. Our
mothod was as follows: Dogs were anesthetized and prepared by the
usual open chest procedure. To produge the infaret, the enbire
heart was rodated in Sitn from right to left by hend as gently ss
possible and & crush was made in the now vizible right atrium at the
bridge between the vense cava with the ald of 2 small foreeps for
holding while one or two large curved intestinal foreeps were clamped
in place. The oplimm sise crush appesrod to be 1.5 em. by be8 on.
with the long axis aligned slightly from the direetion of the two
vense caval orifices so that a2 portion of the right etris was crushed.
The lerge ewrved forgeps were allowsd to remsin in place fram 10 to
20 minuvtos and supplemontery crushes were mode when necessary to
assure Lroumatisabion of the srea Lo fom au artifiolsl infsved.
Perforation of the curdise wall wes avoided. When the erushing
forceps were removed, fishhook (No. 1) stimleting eleatrodes were
implaged at randem in the auricular appendage with, however, the
following restriotions: The atrial mergine, the surisuloventrie
oular mrgin and the sino-surieular msrpine were avoided st losst 1 em.
It was found thet more consistent and reprodusible results wexo
obtained when the stimuleting eleetrodes were st lesst 1 em. apart.
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The stimuleiar used for the majorily of the experiments wns o
Teehtronix 1H0-161-162 series stimmlator producing 8 equare wave
inmpulse and the parameters of stimmlation woye 300 to S000 stlmiii per
minute, 10 Lo 50 volis, 1 millisecond pulse width, 10 to 30 seconds
of stimilotlon. The most sntisfectory procedure to produce murieler
fintber or fibrillation wes found to Le the following: Start 2t the
lower voltages and frequencies and increase either or both step wise
until 8 "peormanent® arrigythmis was established. Onee an arrhytimia
was "permansntly® ostablished (1020 minutes) experimeontal drugs
wore injected in an attempt to srrest the arviythmia.
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RESULTS AND CONGLUSIONS: ROSBNBLEUTH
AND UGARCIA~IANOS METHOD
Cardise srriytimiss consisting of awdicular fMbrillstion o

various groades of flutder were astallisled in about one-hall the
animals following the procedure described Ly Bosenbleuth and
ﬁamia-&xmmﬁ}. Host of our failurce wore owr first experinents and
were abttributed to the follewing esuses: (1) Too small or oo young
an aningl and (2) too small a heart on an otherwise large dog.
Several applications of the stimalus were usually found to be nooessary
to produce g "workable" arrhythmic heort. Initial etimuli gt lower
rates and vollages would produgse modepete irregularities for a fow
seconds, but repetitive application, allowing a few minutes botween
each succes~ive stimulation would finally result in an arrhythmia
lasting tenm minutes or more. This wes our minimum eriteris of
established arrvhytimia. Onee srrhytimis had been established for suwh
@ period or longer, various drugs were adninistered in sttempts to
arrest the cheoltic heart rlytim and re-estoblish normal sinus riyltim,
Quinidine was used s a standard drug. Dacthine(R)) Benadryi(R) ang
8-135 ware tested in an attompt to eolablish regimen for the irestment
of olinical potlents. We were abls to conlirm the report of Brom that
quinidine in doses of L-10 mg. per kg. arrested this type of arrhytimia.
The larger doses of quinidine were toxie to ihe beart end shortly after
gomveywion to normal sinue rhybthm, death enausd! 38}~



TARLE II

gvi

INDUCTION OF AURICULAR ANFTYTHMIAS
ROSENBLEUTH AWD CARCIA-RAMOS TROHNIQUS

13

(] e S

uk Typo of

Duretion of

Dog Hili- latory Duration Arviytimia Arrhythmia
Humber  Volite seconds Rate Seconds Cbtained Seconds Renoris

3000
2Lo0
3000
3000
3000
3000
1200
1200
1200

8‘5’&8%8‘:‘5%‘%&‘
A = = I R S i

& K FERBEF o wwew

L
00
i
P

2hoo

83 min.
P drg

28 § %8
g

3 83 8 8 8 885628

B 38

10
10

Fib,

2:1 Fl.
2:1 Tl
Imp. ¥l
Fibe-Fail.
Inp. Fi.
1:1 Pl
Fibe~Ra
1s1 Fl.
121 Fls

P Banthine
121 Fl,
1:1 Fl.

sl 7,
2:1 M.

3+20 H.
Pe23410
1042
101
Mo »= Vel
120
656
68430
20e2
W.
10450
1241

22454254+
39469 B,

hﬁpcm.»
1666

{An explanation of the above abbreviations saud symbol are presented

on the nsxt page.)
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AIDREVIATIONS AND SYMBOL USED IH TABLE II:

# Plyvet mmber refers to duwrstion of arrhytlmis befors drug was
administered. Other mumbers refer to time required for drug 4o
arrest arrhythomia,

M. = fryhytlmia lnduced mechaniecally

Imp. = Impure (Indefindte Ll - 201 - 3:1)

Tl., = Agricoular flutter

Fib. @ Aurioular fibrillation

Spont.® Sponbencous (Arrhythmia or conversion)

V.8. & Vagi severed

Fail. # Failwre, usually suricular arrhytbmia could not be permmmently
indused by stimulation

R. 2 Rapid (uneountable)



TABLE I1II

EFFECT OF ANPI-ARUITTIHIIC DRUGS ON

o e

Conversion =
Dog Type of Dmyg Dose ¥ ¥ Tims in Rate p
Number Arviytimia Tested mg./kg. Rabe Rate Minntes Conversion
2 Fibe. Q. 1 Léo 160 n 100
h 2!1 Fl. Ban. 3 m 3.90 HE. HeEe
_ 5 2% 190 3
g 2:1 1.,  Ban. é o 220 2 0
7 Dip. 1. Ban. b 300 120 1 temp. i70
Impa Fl. Ban., ”'8 H.E, H.E.
1 Fib. Ban. 2 600 120 1 temp. 160
12 Imp. i, Ban. 2 s 2o nm. HeE.
Ban, ﬁ 560 20 N.E. H.B.
Ban. 560 20 K.B. H.E.
Q, L 560 2o  W.B. H.E.
ik 111 Fl.  Bun. 2 20 20 2 temp. 190
Bﬂm 4‘ 2115 2&0 }A*S W* 195
Bde 2 20 2o 6 176
18 Fib. Dan. -4 20 2h0
Ban, *e 2139 ﬁhﬂ
ﬁb. to Iﬂlp: 2!3.
Ban., of 152 192 2
16 1:1 Fl.  Ban, 2 250 @50 M.E. Helle
Ban. 4 20 250 @ 150
17 11l M. Ban. 2 250 250 39 18
sl Fl. 81385 1 300 30 % ®
20 Iﬁh Fle Bd. 1 s.w 33@ H.Be HeBa
Bd. *l 330 330 H.E, Halle
Bd« +2 330 330 H.E» H.B,
Bd. * 330 B & 150
Ihpt !'1' hsﬁ 2&0 * 12‘0
Q. L L% 2o El 130

(An explanation of the above abbreviations and symbols are presented

oz the next page.)
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ANDREVIATIONS AND STMBOLS USED IN TANLE IXX:

# 18 « Electrocardiogreph stylus burned oubt Conversion in about
£ mimites after S-135 adninistretion.

Pib, ® Auricular fibrillation Ban. # Banthine Bromide
Fl. = Fluttor Bd, = Benadryl Hydroohloride
Imp, » Impure or mixed Tesip. = Temporary

Q@ ® Quinidine Lactate H.B, = ¥No effect of drug
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In the course of these experiments, three apparently difforent
types of suriculsr srrhythmis were noted. The mest frequently cbtained
"permanont® arrigihmla by this progedure was suriewler flutter. This
irregulerity was in some oases pure, with a regulmi* ratic of " waves
and ventrioulsy ocomplexes, mnd in other cases impure, in which mo
regularity of retlo between " waves and QRS complexes was obtalned.

The most camson flutter observed was mm impure type which appeeved
in general to be u combinstion of Lsl and 231, The ventricular mmie
ia Uwse cases was often sbove 300 for considerable perieds of tine
and the *I* waves were interspersed ati seaningly unewven or randon
intervals beiween the QRS complexes, The next mosh common flubier
Bgen was 131 in which came the T and P waves were apparently
synchronous or nearly so, This arrhythais wag sharacterised Ly an
suricular and ventrieular rate of 250 to 300 per minute. The least
common flutier seen was a pure 211 rhythn. In these ceses the
ventricular rates wers slower, sbout 200 per minute snd the "f waves
were quite roguler.

An examination of the results obtained from the. administration of
druga %o arrest the induced arrhythnies indlcates some nobewortly and
unuzual sbservations and some previously unreported findings:

(1) Awrieulsr fibrillation appears to be the essiest arrhythmia to
convert to nomal. In this case both quinidine and Danthine ecnvorbed
the ambytimia, Quinidine afforded a pemasent and Darlllne temporary
conwerglion. Denadryl hes bLeen previously shown to arvest and rrevent
aurieular fibrillation in the dog{?@), (2) The pure flutters wero
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FIGURE V
ROSEINLEUTI AND CARCIA-RAMOS AURICULAR
CRUSH TROMIGUE

Hommgl control: ("Dpen cheal") Rete 180

Brxsorpt demonstrating () stimalus (1200 per
wine, 50 volts, 1 nilliseg. pulse, 20 second
doration), (b) Hach Flimmern® ar post stimme
latory flutter and (o) spontansous conversion

to normal.

Exoerpt demonstreting stimulation snd "permansnt™
1:l fletter (Rate 270)

2 ninutes after L mg. per kg Banthine demonstra-
ting arrest of arrhythmia mad conversion to
normel (rate 160)



66

ROSENBLEUTH AND GARCIA-RAMOS AURICULAR CRUSH TECHNIQUE

Sl HER R EHR S
AR E5 i ERE B G S i L

Normal control: ('"Open chest'') Rate 180

4|'.
+ | oien ipiaad bedd yorg o B Pidla

Excerpt demonstrating (a) stimulus, (1200 per min., 50 volts,
1 millisec. pulse,20 second duration), (b) "Nach Flimmern" or
post stimulatory flutter and (c) spontaneocus conversion to normal.

Excerpt demonstrating stimulation and ""permanent'' 1:1 flutter
(Rate 270)

1
T

t

L L A S A
I LA A RN I I A
2 minutes after 4 mg. per kg, Banthine demonstrating arrest of
arrhythmia and conversion to normal (Rate 160)




FIGURE VI
ROSEIMLEUME AMND CARCIA-RAMOS AURTCULAR
CRUSH TECMMIQUE
{Cont inved)

E. 8 minwtes later, 1l flutier.

6. Gemversion of impure flutber o 111 flutter
by Banthine, 2 mg. per kg.

T+ OConversion of 1s1 flutter towsrds normal by

edditional Benthine, L mg. per kg.
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1 flutter.

1

8 minutes later,

ine,

B

s

1 flutter by Banth

.

T

HH

H

o

Lyt

it

Conversion of impure flutter to 1

2 mg. per kg.

1 flutter towards normal by additional

Banthine, 4 mg. per kg.

Conversion of 1



8
sonverted in o high percentage of cases {7 af 9) by 81l of the drugs
testeds In thils series, Benthine was ueed mo=t, but ohservstions
were also oblained with Benadryl and S=-135, (3) Tt was nobted thal
Banthine ususlly produced only a temporery arrest of an arrhythnia,
() Benadryl and 5-135 produced relatively permenent eonversions.
(5} An uwmsual Zinding is the previously unreported resistance of
impure flutter to the several drugs used. Danthine, quinidine and
Bemadryl seem to have little effect upon this arrhythmia, {g’}f An
additional cbeervatlon 1s believed especially motewmrthy. Originally,
the eriteris for a permanent arvhytimiz was a duration of aboul 10
minates. Lete in the investigation it wus observed that even the
expoarimental failures (those axperiments in which » permanent arrig-
thmia eould not be provoked) provided infommation which may prove of
future value although these observations may only be sonsidered to be
preliminary at this time, Stimulstion of the hesrt at hipgh retes
{above 600 per nminute) provokes, mearly uniformly, @ tenporary
arvhythmia which hae been previously described as "nach flimmern®
{after fibrilletion). A review of the electrosardlograms oblaised
in thie series indlcates that this phenomencn is & quite common
result and ccoure more often than sny olhey arriptimis. 4 further
proliminsry cbeervetion Is that ell of the drups tested seen to
effectively decresse the intensity, duwrastion or prevent the
appearance of thls Yafter fibrillation®. The sipnificame of thooe
observations canuot be adequately diseussed of this time.



0. PRODUCTION OF EXFERDMENTAL THIROTOIICOSIS
AND DIFLUERCE OF PARASTMPATHETIC DRUGS

The evidense that thyrotoxieosis and the concomittant hwarb
strain predisposes to cerdiac arrhythaiss sneowraped a2 detailed
sxamination 4o see if the production of tho experimental condition
might mimie that of the c¢linissl patient.

Unselected adult dogs of eithey sex welching at least 25 1lbu.
{12 kg.) wore placed in individus) cages and observed for aboubt &
weak. Durdng this time, 8% least one conbtrol elsctrocardiograrh
wos teken and ono experiment wus run Vo flnd the sensitivity iu
asootrloholine while the animals were under pentobarbiisl amssihwesis
as deseribed previously. If the aning]l wus found to be normal, i.e.
with no #atmi arrhythnia, it wes plaged immedistely upon & normal
diet conpisiing of kibbled dog biseulis plus a small emount of
horse =mwat. To this was added st feeding, tiyreld extrest pomder
(0.8,F., 1 gram)., After the thyrold extroot pegime was started,
the snimels were examined daily for overt evidense of thyrotexicosnis.
In additiony the onimels were tested pegulerly for change of senpi-
tivity to parasympathetic drugs. PFor this purpose the animals were
gtudied as oullived in the previous sestion. This progedure allowed
sach animal vo serwve as his own control for nomal eleetrocardiow
graphic study, the influence of injected parasympsthetic drugs and
also the effesct of tlyrold extract sduinletration and injected

paragympathetic drugs.



RESULTS A1) CONGLUSIONS: EXPUnIMEnrAl THYROTOXICOSIS
AND PARASYMPATIETIC DRUGS

Thyrotoxicosis, induced by fesding of large smounts of thyroid
sxtract powder in the dlet; produced most of the typicel clinies]
signs and symptome of the condition., The enimals becams more slert
and sometimes irritable., Diarrhea was a froquent sign. The mean
apieal hoart rete (wnanesthebized) increased from 99.8 per mimuie
{range 75-120) to 160.6 per mimte (range 14-188), Increased
thirst was evident. Anorexia, vomdiing, and retehing were all
{requanbly noted and weight losz was ususl. long comtinued adinise
tration of thyrold extrect powder rinelly rroduced & condition which
might be consldered o refractory stete to the adninistered drug.

This refragioriness appeared usually sbout the third or fourth weel
of administretion. Usually affer this tims, the only sign of
thyroboricosis wme an increased heart roto.

-Before snd =t perlodic intervals during the time the animals
wers adainietered thyroid extract; they were selected for experiments
to ascertain any change in semsitivity to injected acetyleholine.

The procedure used was as outlined previously for the intact anes-
thetised animal. In the normal snimal not fed thyroid, the incidsnoe
of fibrillation was 268 (6 of 23) but in this experimentsl serics

it was 358 (11 of 13). The period of greatest semsitivity was found
to be Letwoen the sixth to 24th day of Shyrold administration ond it
wag noted thet dogs fibrillating after this perfod had also done so
before the adninistration of thyreid extragt.



TABLE IV el
EFFECT OF ACEIYLCHOLINE ON AURICULAR RIPPIDG IN THYROID-FED DOGS
~Dose af Aceiyi- Duration
Dop fa,,m on ezz?'line ?fmhz?- Fibrfullatim

Theabar _TMgroid ing g‘;}:ﬁ.%amm Segoxdg
A-13 6 O.hi2 48

L 3R 3 0.4 i3

L 33m 8 <10 ~

L 2R 9 <1.0 -

L 308 10 0.6 37

1 31 10 0.6 7

L 342 15 0.3 30

W 34 16 0.1 29

¥ A 16 0.8 3
WaL 16 0.1 19
L-1h 17 0a0k 13

L 30R2 17 0.6 37

L n2 18 <10 -

112 19 D18 21
1-13 20 D32 2,

¥ 3am. a 0.2 20

L 32 22 <1.0 -

L LR 22 0.16 18

W 2ARL 22 0.1 25

1. 32r2 23 0.6 2
A-18 25 <140 -

L s 25 £ 10 -

L 3213 27 < 1.0 -

1~19 28 <10 “



TABLE IV {cont.)

Tobe OF AGelyi- Buretion
Dog Days on choline Produc- Fibrillation

Humbex Thyrold ing iﬁﬁl{.&t&m Seconds
L 17HL 30 < 0 -

W 3AR2 30 0.31 U

L 3313 30 < 1.0 -

W 1AL 30 {10 -

L 4Rl 30 0.3 2l
L 150 n {10 -
120 32 <10 -
Lo 32 1.0 3
L1 33 {10 -

L 131 33 0.6 3
L2 37 <{ 1,0 -
L 37 0.31 2k
1-18 38 <1.0 -

L 3488 39 Ga3 35
L 3285 o < 1.0 -

L m Lo 0.3 10
A 1571 A <10 *

I 3LR6 L3 Q.3 30
I~11 I3 <10 -

L 3208 bl < L0 -

L 31m6 hé < 1.0 -

L 1382 L8 <10 -

1, 347 50 0.6 s

L 3285 52 {10 -



Dose of Aoyl Turation
Dog Days on choline Produg- Fibrillation
Trabaz Thyroid ing Pibeillaticn Seconds
B/ KC»
A-lly 53 < 140 -
L 55 0.6 21
L 3217 60 £ 1.0 -
L 3LR8 éo 0408 12
L 31r7 & 03 30
1 349 &1 0.6 &
L 3288 67 < 10 -
L JR9 7 Oeb 36
L 3LR10 73 ﬁ.ltf; | 39
A1 % 0uS 2
1, 3aR10 1hé Oall LS
L 3Lma ns Ga16 27
1 34m2 A5k 03k 2
L 343 133 0s12 2L
bRl 20h 0000 27
L J1R1 273 0.32 21
L 34yms 260 0408 15
L Jima2 2086 0¢50 160
L 31813 Lk, 070 ST
L 31mik 497 0,16 7
L 3my 505 {10 -

1 316 831 032 L2
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Ho alteration in the 241 strio-ventriculsr block dose was noled
in this series, The mesn pre-thyrold 2:1 block dose being
0.050L £ 0,025 mg. imzr' kee of acelyloheline snd in this experimental
gorios 1t was 0.0L82 £ 0.038 ny. por kge The mean dose of acetyl-
nsholine provoldng fibrillation in the control and experimentel series
was not 2ltered signifiecantly being 0.3 mg. per kg. (range 0.05-~0.95)
in the control series, emd 0.32h mg, per kge (renge 0.0L-0.8) in e
thyrotoxie series. 7The mean duration of fibrillation in the controls
was 39.5 sec. (range 12-96 sec.) and the experimental series it was
2k see. (range 7=37 sec.).

The sucocess of this experiment in providing an animel preparation
for ithe stady of awrieulor arrhythmies sppeers fo mark a grest adwance
ia this type of work. The procedurs of induction of the hypertiyroid
state minies & well known cliniesl syndrome, thyrotoxisesis. This
pondition, once Ilnduwesl, predisposes ithe experimental animal to the
arrhybimie state which is prolonged 4o a dogree of experimental
usefNiinesa for the evelustion of drugs to oconbat the elinical
conditions, The precedures for inducing and testing are not pgrosaly
troumntic and 1t appears thet such experiments eould be repeated om
the same anlmal weekly or oftener with & truined unanesthetlsed dog.
The albinste cost does not sesem great as the aninels can be re-used
many times then still bs usesble for olhor procedures.

®hen apother yesearch group undertonk & similar type of stady
using asetylicholine to provoke arvhythnias in thyrotoxie dogs,

results compzrable to those reported here were not observed(59).
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FIGURE VIX
FFTECT OF INTRAVENOUS ACTITLOBOLINE
O THYROID DOG

Controlt Deofore Pihyroid® administration.
Rate 150
Effoct of 0.6 mg. per kg, before "thyroid®
adninistration.

trole 23 days ®om thyroid®. Rate 170
Effeat of 0.6 mg. por kg., 23 days on
"shgrold?



EFFECT OF INTRAVENOUS ACETYL CHOLINE ON THYROTOXIC DOG
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PIOVRE VITZ
BETEOT OF DITRAVEIOUS ACETTLCYAINE
OF THTAOID D00
{Sontimued)

5 Coubimmstion of @
€y Conbinuation of #5 but 30 soconds later
showdng tWwransition towards nomsel.
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Continuation of #5 but 30 seconds later showing transition
towards normal.
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FIGURE IX
PFROT OF INTRAVENOUS ACETTLONOLINE
Ol THYROID DOG
{Continuned)

Conirols 27 days ®on thyroid®

Effect of 1,0 mg. per kg., 27 dave

#on Lhyroid®

Continustion of #8 but 15 seeonds later
(do fibrillation! - Transition tovards

nornal )
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This group reported an inoressed tendency %o surieuler fibrillstion
‘with acetyleholine injection in only one smimal of 15 teated. Thay
did, howewor, report fibrillstion in three animsls during the sontrol
period wilch corresponds to our fimlings. One of these animnls
fibrillated 2leo after thyroxine administrsation with acetyleholine.
An analysis of the failure of this group iz relatively sinmple
in view of these experimental results: (1) Their thyroid extract
feeding eontinued for about 20 days, but the animals were tested for
fibrlllation on the tendh and sevendeenth day and sorwtimes later,
Ia view of the resulbs herelin reported Lhis 1s the perisd in which
the anlpals are no longer sensitive or decressing in sensitivity to
injected acetyleholine. (2) The doses of scetylcholine administered
were in most eases far less than the doses used in this series, It
is felt, with considerable assurance, thet if the doses of acelyl-
choline Imd been reised, more fibrillation would have ensusd regard-
less of the fast that the snimals were tested abt the later period of
decressing sensitivity to acetylcholine. The findings heroin yepertaed
deny the contemtion of Surtshin and Rucknapel(85) thet no incressed
sensitivity to aéat:;iehnli.m is presend ln exporimental sonine
thyrotoxicosis.



H. DESTRUCTION OF THEISOID GLAND

An eoxplanation was sought for the observetions thet thyroid
extract adainlstretion results in an increased ineidense of acolyle
eholine induced auricular fibrillation for only & limited period of
time. There is a possibility that as & result of the administration
of thyroid substence the thyroid gland produses some factor or effect
thet prevents the appearance of true chronle thyrotoxicosis, To
evalusle this possibllity the thyroid gland wes removed sompletely
so that it could nol countoract the exogenous thyrold substance.

The objective of these experiments was $o provide s contimilng sbete
of sevore thyrotomicosis by feeding lorge dopes of thyreid. It was
econsidered possible that in severe experimental thyrotoxicosis the
acetylcholine =misht provoke lasting surienisr fibrillation instead of
the briefl paroxysmal form,

In a limited series of dogs surgical removal of the thyrald was
found unsetisfazgtory for our purpeses. ITmmediste postoperative
mortality was higher than desired beecsuse of the extensive exnlorstion
in an attenpt o remove all thyroid tissuve. {In non-malignant
individuals thyrold tissues heve been found in sublingusl, sube
slavigular and substerndl ares.)} Horeover; some dogs died in tetany
because of trawme or loss of perathyroid tissue.

The action of redicactive lodine in cousing Jestruction of thyroid
tissup was studied. Decouse of the sxponse of the isotope this

experiment was limited to five dogs, PFadlosctive lodide minl having
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& half life of § days and emitding bets vays with an upper energy

limdt of (00,000 electron volt, (the majority of the bete rays have
energies of 250,000 e.v.}3 week gommae rays 2lgso are released(#0),

Bach dog received an intravempus dose of 1.0 millisurie pur ko
NaypoTl3l, The animale did not show symptoms of rapidly progressive
hypothyroidisn end myxedena due, it is bolloved, to the meat dlot o
kibbled biseuit dlet which contained sipgnificent amourts of thyroid
hormones, Up to 20 weeks, however, some elinisal signs of myxedena
were found., At thet time in two animals injoetion of a itracer dose
{1.0 mwieroeurie por kp.) of n-mzfm indleated less than 3% uptale

of the isotepe in the thyroid area. This rate of uptake was

svalnated as being due to incomplete shielding of the Geiger<lillsy
counter tube and reflects general body iodide: Thus complete
destraction of the thyrold glend was belioved obteined. This was cone
firmed in two snimals who died of latercurramt infection or snesthesia.
fistologle enamination revesled no fungtioning thyroid tissue, After
tosting for 231 Lloek and fibrillation, as deseribed elsewhere,; the
snimels were placed on & diet supplemented with 3.0 gme thyroid extract
powder {(U.3.Ps XIV),

Change in sonsitivity to injected scetyleholine in producing
surievlay fibprillstion was evaluated frequently end in the usual mennor.
Heart bloek (211) end fibrillstion thresholds were obtalned wheve possi-
ble, in the conbtrol, myxedematous, and thyrotoxiec periods.

Cage histories of the five dogs in whioh radio-indide was injected
are preserted in the sppendlx.
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I. DISCUSSION OF EXPERININTAL RESULTS

Bxperimental methods for the laboratory study of auriauiar
arrhythmiae were very corefully selected aftor s thorough snglysis
of work dons by the imstigators of the methods oy by later workers
who spplied thede methods or modificstions on extended exparinent‘i
trisl. Injoction or infusion of epinephyine by itself asppears to
produce surienlar fibrillation in a high perventage of patiente
having 8 tendengy for paroxysmal auriculsr tachycardia., BSuch
experimental procedures heve not produced similer srrhythmiss in the
experimental animal. Bub, with concomitbant wagel stimulation op
if the experimentsl suimal is hypertiyroid, surieular fibrlllation
or the othor less severe arrhythmise moy Le provoked.

Vagal stimulation by electrical mesns wos devised as & refinsment
of metldental clectrocution, which is sbseyved to provoke marked
eardise arrhythmia. This stimulstion is usuelly consistent in its
effect, but the arrhyihmia produced is transitory and for this reason
the method has not been ubilised to mny great extent, The inipavenous
injection of varlone of the psrasympethetic drugs such es scetyloholine,
soetyl-bota~metilcholine and physostipmine has been found ¢o be much
simpler of exseution that the complex surgery of iseolaiion of the wvagus
and implantetion of stimulatory electrodes. MNoreover, vagsl stimilae
tion, to be effective, requires eurvent densities far grester than the
plysislogleal range. Injection dechnigues have been utiliued ou one
animgl o8 many as twenty tines ubtilising Yeoul dowmn® procedures in

many cases to luswre inbravenous injestlon wilh & "permasently™
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implaced indwelling hypodemmie needle or polyethylene Ilntravensus
catheter. Injections can be made st will over a period of many howrs
without fear of severe trauma st the 3lite nor demage distass deoe 4o
enboli, The procedure of intravenous injecilon of parasympathebic
drugs is adelrebly simple, but with the nomal animal only a small
percentage will "fibrillste”. An insrecse in the percentage of
Eimdimtom oegurs with various experimental procedures. The
produgtion of anenis by bleeding, adninistretion of hemolytis agents
and hewoglobin binding egents has been found to be & pértﬁ.sl anawer
to the problem but not a satisfactory ones Anoxia which may be
coneomitbant with amemis or may be indused by entirely differsnt
procedures has been found by some to Le an improvement but these move
conplex mothods are entirely too cusbersomss The employment of
surgieal tec!nigues wherein the heart 1s exposed is a» method which hes
proved to be satlsfactory in some respects although the presently
available mothods lesve much Lo be desived. Swrpileal prosesdings
are time sonmusing, require in addition highly complex equipment, are
oxpengive and a prepaeration mey only Le used onve for an extremely
linited nusber of drug trials.

 The ubilleation of the observation of intimate correlsiion bLetween
thyrotaxicosis end heart disesss has provided what appears to be the
closest approsch to eliniosl awrdsular £ibrillstion yet devised. The
method seems Lo provide experimentel aunimals st a cost which is not
prohibitive in that the animels may be used over and over again for a
period of seversl weeks. The animals were ususlly anesthetised in
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the experinentis hereln reported, bub it is probable that with
trained andmale this might not be nesessary. It is highly possible
that an animal once thyrotoxie and sensitive to parasympatintic drugs
might be used ono whole working day with varying deses of drup being
testad, be allowed to recover 3 to h days and snother drug be tested.
In our hewie the method was used as dewolopmental prosedure snd in
several ocases mortality oceourred through oveweight. This eould
probably heve been avoided by proper attentisa in recovery rooms and
by use of amiepﬁc.a in heevily pentobarbltaliged dogs. MHarked sucooss
with several druge and experimental corpelation with guinidine s 8
known antifiberilletory drug, encouraged us to try a cautious
elinigal trisl of these drugs in selocted patiomts with suricular
fibrillation.



J. SUMMARY OF PART TUO

1. All of the known feasible methods of production of awrdleulor
arrhythmiss are reviewed, repested snd eritieally amelyzed for tholr
atilizetion,

2. Some erperimental methods have been gltered ian view of
modifisd soneonts of physiology or pharmagologleal action of mow drugs.

3. Aurigular srrhythmias of all types Iron simple tachyoardia to
"rermancut® suriewlar fibrilletion have been produced in several
different speciss of anlmels by 8 variety of techniques.

ke Cuinidine hes been found to be nemidy routdmely affective
in the arrest of all {ypes of experimental arrhytimia whether they be
artifielslly induced or oceur "sponbancously® efber experimental

stimlation.

Se A pew nethod hag been estatlished for the production of
experinental thyrotoxicosis with concomitard hypervagotonia and cardiac
sensitivity to injected pearssympathetic drags, Auricular arrvhythmine
have besn induced in these exporimental animals in 8 high and workable

pergentage of snimals,

£, Seversl new drugs have been studied in the experimental
laboretory in on sttempt o find & suecessful replecement for quinddine.
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IV. CLINICAL CORRELATION®

On the basis of well established phammacologicel sobion and
successful laboratory experimentation to evalunte & series of come
pounds as antifibrillatory drugs, two were selecied for a limiied
trial on patients with surdeular fibrillation. These drugs were
Benadryl and Saathine. The patients were unselected bul were conse-
eubive cases of swriewlar [ibrillation in which guinidine would
ordinarily be adeinistereds In the cmse of therspeut ie failure with
one of the new drugs, quinidine was edninistered three or four days
later., lo patients with uncontrolled thyroboxlcosis were utilized
in this series, sad all petients were sdeguately digitaliszed. ALl
patients wore hospibelised,

Benadryl wes adninistered to 15 petionts. Nine patients comverted
to a normel sinus rhythm, Of ths elx theraspeutic failures, one
converted with a combinatien of Benadryl plus quinidine. Five others
wers glven guinidine slonc; of this growp three converted. Two
patients were nol bonsfited by either drug,.

Benadyryl hydrochloride solution (10 »g. per ml,) was adninistered
by the inbravenous route., In nost instances the contents of one wial
(10 ml.) wes dlluted with 20 ge. of pyrogenfree normal sterile
galine axd injected over a ten mimate period of time., A sinllay amowmnt
had also been added Lo 250 co. of 5% glusose and aduinistered by drip
over a thimty nimute perdod of time, Five pationts converted to normal

#ynformation provided through the courtesy of Dr. H. Lenox M, Digk.



sinus rhybtim after s single 100 mg. dose of Benadryls. The others
responded only to 200-300 mr. dose. One putiomt developed sufficiont
undeslirable oide avtions to negessitate cessation of Benadryl adminise
tratlon after 100 mg. had been glven, The naximmm dose admindstered

to any natlent during & eourse of thersyy wos 40O mg. of Renndryl.
Those patients, who contimed in awrieular fibrillation, were given
300400 nge of Denadryl whioh was considered 2 mexlmm tolerehle

dose, Followlng conversion of the aryiythmia, Benadryl was adninistered
by mouth sucoessfMlly as s maintensnce dose for several monthe inm Lwo
pationta,

Severel cetions of Benadryl which apoesred during ite trial in
awrloulsy Jibrillaetion mey be contrasted with those of q&iﬂdm.
There wes no severe hypotension produced Ly Bemadryl such as that
seen when quinidine gluconate iz given introvencusly. Rather,
Benadryl, in the doses thet were given, caused an incresse in systolis
and disstollo pressures of 20-30 mm. Hp. This effect lasted for
1-?219&.*&; like quinidine, Bensdryl causes on ilncresse in venmtricuwlar
rate, presumably by vegelytle actions The pulse rate during 7ibrilla-
tion gpeeded from 10-L0 beats/min. snd this increase sppesred whebher
or uot the petlient had been adequately digitalized. The ventriouloy
rates, after Denadryl caused conversion to normsl sinwe rhylha, were
within noymsl values. Unlike guinidine, Densdryl oawed no inorease
in the GBS inderval or ST depression - & oloay indiestion for & laek
of any deleterious slowing of myocardial conduction. Benadryl,
howsver, dld decrease the QT interwnl indicating & slightly morye rapid



ventricular repolarisetion. The mean QF interwal, before Benndiyl,
whs .33 soc. (ronge 0.20-0.42 vec.), and the QT interval during the
peak of the Benndryl effeet was 0.31 sec. (range 0.2L+0.30 swc.).

Benedryl, injected intravenously, coused drowsiness and sther
unusual nervous gystenm reactionsy blarring of visien, supre-orhital
headachie and drymess of the mouth were also dmmrve&._ These symplons
along are not considered 2 mandatory indisction for stopping Benadryl
mediostion, Maseular irritability, manifested as tremors or twitching,
respiretory ehanges (rapid, shellow brectxing) may sppesr after
200-400 mg. of Densdryl have been injocted. These signe are indice~
tions of potentlally dangerous overdosage. Animal experiments
indicate, 1f Densdryl administretion is continued, that suseulss
tremora, fileillating, faseiculetion and finelly conwulsions with
regpiretory arrest will ensue. The convulsions hove been reporied
to respond to phambazﬂtal and in experinentol snimale are provenbed
by pentobarbitel anesthesis Lut respiratory sidmulents sre of no value
in the experir:x"ntai animal and artificlal vespirstion is necessary in
svant of Lhis type of asceident.

Renodryl adminlstered to amesthetized dogs by intravencus drip
unbil death ocourred did not revesl any significent werning signe
that were observable in the electrocardiogram. When patients were
placed on 2 maintenmnce dose of Banndryl, the drowsiness efech pro-
duced by the drug usually wore off in 2 wook or twos It i= %o be
noted that aertrel nervous system chanpes proceds any other side
effect by this dyue.
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Benadzy) has proven to be an affrcilve agent in reetoring noynel
slmms vhythm in patients with surienlsr fibrillstion. Tt does not
equel the efficacy of quinidine 28 it wes used during this invostigation.
Benadryl, howsver, does have certain appsrent adventages. It does
not slow syocsrdisl condustion, it does not lower blood pressurs and
mey be used with somewhat greater assursance in the elderly patient
whose [ibrillation aceompanies major sardiovesculer pathology. In
the aged patlient with cerelrel arteriosclerosis, Benadryl dees appoar
{0 cause Lemporary psychotie eplsodes which would 1imit its use.

Banbhine browmide was glven intrevenously to 11 petients who had
sustained atrial fibrilletions The duration of the fibrillstion when
imown was 1 day to 5 years. Donthine adminletered intravenousiy wmne
not able to convert the Tibrillstion to nomal sinus rhytha in any of
these patients. All patients had been dipitalised. Eleven of those
patients were later given quinidine therupy snd 5 converted to normal
sinus rhythnm,

Panthine bromide (100-400 mg.) wes dlluted with pyrogen-res
normal sterile scline and injected slowly intrevenously, There were
no sipnificant ohanges in blood pressure or mw'mat.eriamm of the
electroccrdiosrans In one p&tm.uf the diug produced an abolition of
vontrieuler premetwre systoles, The dmg coused sinus tochyeardia
(average inoresse of 60 beats/min.) that is oxpected of a wagsolytle
agents Thiz dose of Denthine woe Judged adeguste by wirtue of 1

effngt of inoreasing the pulse reie and also bechuse curotid sinus



magsage (a2lled to omuge any chenge im heord rete, indiesting an
effective peralysisz of the vagus by Buxthine. In S petients the
dose of Bonthine was ineressed to LOO mg. but even this very high
dose falled to sibter fibrillation.

Thore wag 2 moderete inerssse in heart rote presumably due to
ibe wagolyllic sctions A few patlente complained of drynsss of tle
mouth and blamred vwision.

Beaadryl, though it 1s not se offectiw 88 guinidine for the
sorrection of aurioular arrhythmiss, of fers some advantages for the
trestaent of selected clinical patienbs. Devedryl does ml slow
myosardial condustion, it does not lower bleod pressurs and within a
wide therapeutic a&mgu pange the drug does not appesr to be highly
toxic to the myovocardimm. Sedation produced by the drug is seemingly
& real advantage but higher doses appesr to geuse paychotie enisodes.
The side effecte produeed by Bonadryl appesr Ho bs well oharscterised
a8 the drug has been used in therapy for other purposes. Attention
to the signe and symptoms of the pationt will give adequate warning
of potentlal overdosage.

Banthloe, though 1% proved highly effective in the experimental
anlmal, woo & fallure whan used to arrest anricular NMbyilistion in
the elinieal potient. An enslymis of this fniluwre 12 somewhol J1£fi-
enlt Lul it probably indleates that the wopus end scetylsholine is
not #o sbrongly implicated as was formerly asoumed(72), Many other
anti-vagal drugs such as stropine heve been tried(76), T3¢ nes been

found in regard o stropine that comperotively msessive doses are



Becessary 1 Lhe dog and thot such doses would produce extronely
undssirable 8lde effects in the hwsan, 1% is possible thet some
atropine-like drug with s prelatively specilic sotion on the hesrd
ney be of sove use, but in view of the lack of effect of Banthine us

mentionod above, ihis is for the present wilikely,



SIMMNARY OF PART THERR b !

1. Aftor extensive experimentel and literatwre research, two
drugs which appeared promising for the arrest of dlinles)l auriowiar
arrigthnios were selected for trisl on hospilelized potlents.

2. The two druge, Benadyyl and Benthine, were adwinistered
intravenously with coreful observation during end immedistely after
adninistration.

3« The drugs were administered slowly and in smounts which
elther srrested the arrhythnia or sush side effects ccowrred which
presluded further administration.

e DBenadryl converted auricaler filrillation in nine of fifteen
petisnts with dose of 200 to 300 mg. although many (5) converted with
100 ng.

S« The moximuwa dose of Benadryl adainistered was L0O =g. This
vag vonsidered 4o be the maximam toloralle dose.

6, Banthine prowed to be s failure for the correction of
clinigal suriculer fibrillation in 5 patlients Lo whom the drug was
administered.

Te Denadryl is felt to Le a useful addition o the armentarim
of the physician for therapy of suriewinr arrhythmiss,

3. Banthime itself does mot appear wseful but some chemical
modifieation of this drug or a phormacodynanieslly similar drug
of fers a continuing hope for more satisfactory treatment of suriculsy
arrhytimisg,



PREFACE TO BISLIOGRAMI

The roferences on auriowler srrhytimias mmber in the thousands.
Por this reason, veviews, original observations snd key articles
huve boen ubtiiized whenever it was practiesl %o do so.
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CASE HISTORIES

The progress of five animels used wus quite varied after the
injoction of the rediowlodide. Dog Ho. 1 was a L month old femals
mongrel terrier. The drug, 1290%5% 1.0 millicurie/kg., was
administersd 1.V. during pentobsrbital anesthesia. A mild diarrhes
ogowrTed thiee or i'aur days after the procodure, but the animal was
eating well. The dlarrheas conditlion was sseribed to rich diet
(% 1b. mest per day) or the rough kibbled bisguits which the dog
wwolfed dowa" with 1ittle water. On the eleventh post-injection
day, the snimal was found lying prostraete in its cage unconseious
or nearly so with evidence of marked disrrhes. The enimal was
"glassy eyed” and Yshivering® althourh the room tempereture wes mild
{June 19, 1953). The muscles were twitching spasrodieslly and
respiration wus Irregular. PFifty milliliters of milk were wmarmed
and aduindstered Ly stomagh tube, The animel died the next day.,

The gymptoms of this snimsl before death indipeted teteny due Lo
parethyroid Losult ot the tlme of radio-lodide injectlon, 4 simllar
condition was observed in a dog ia which tho thyrold was removed
surgieslly. The surgleslly operaited animel, however, survived and

at the time of orleis it was felt that tlds dog wonld also «~ for this
resson blood studles were not sttempted as it was felt that they

would add Murther insult to the already eritical state. The ¢leven
day time lag wus considered remarkeble ss the perathyrold erdisis delay
in hwsen cases and the surplcally treated andmals have been observed
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to be about 36 hours For the onset of difficulty with the orisis past
in the third or fourth postoperative day.

The seoond dop to receive radio-indide wes an old (13 years)
aastrste dachshund weighing 10 kz. Thia animsl hed large tumor nossee
in the upper sternel region and 2lso lower on the thorsx., The animal
was chosen begause it was felt an older animel might be more llkely
to denonetrate cardise arrhythmies as & resuli of the experiment.

The anlnal becsne weaker ond weaker as the experiment progressed and
finally could neither get up nor eal, The animel wos in obvious paln
from the infirmaties of age end wes seorificed with s high dose of
pentobarbitel, A histologioal sxamination of the thyrold gland post-
morbam indicated the animel to be athyroid, but this fset was not fell
to have influenged the animel's debililietion.

The third dop wae a (2«3 years) wele black cosker-type mongrel
woighing, st the iime »f radio-fodide injection, 1 kilograms., The
animal wes In good physical condition, About 6 months following
radio-fodide therapy, this enimal wes considered to be myxedematous,
The trunk becsme barrel shaped and the tissuwe covering the rite was
spongy to digitel pressure, thoeugh pitidng wes not observed. The
animal wae dull in appearence and astion and although the weight had
inereased, the legs hed bscome "spindly®. Tho hair had beoonws goarse
and @ scaly dandraff wes sbserved 4o be pencrolised. At the 20th
weok [ollowing tlgroid destruction, & tost procedure was undertalen
to asgertain the sensitiviity of the enimel {o inbrevenously injected

aoelylcholine, The animel wus observed %o be sensitiwe to low doses
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whilch produced prolonged respiradory block aleonz with extended airio-
ventrioulay impulse interruption for prolomged periods. 4 dosape of
0,16 mg« por kg. prodused respiratory bloek end embarpassment for 8
four nlmute perisd. It wae felt thet furihor incresse in dosage would
be dangerous. The animal, upon recuperstion, wes fed 1 gm. of thyrold
extract powdor with its food every day for 15 days. On the sixteanth
day, the animal was showing marked change of ite myxedemstous state
towards normels At thie time an experiment was undertaken to determine
the cardiac chunges produced by thim dosage of thyroid extract in the
athyroid doge The onimal was more tolerant to intravenously injected
scetyleholine than it hed been in the myxsdematous state. This was
evident in both the respiretory and sardiac systens. A dose of
1.0 ngs per lge produced intermittent atrioventriowlsr block for
27 secoads which wos not considered remariable or dangerous. When
allention wos redirecied from the slectrocardiograrh to the animgl N
it was obmerved thai respiration had geosed entirely. Artificiel
respiration and adninistrstion of analepile drugs failed to
resusoilate the enimsl. The death was stiributed to myoezrdinl snccle
due %o the increased oxygen demand by the exirs cerdise tisgucs on &
result of the thyroid extraet feeding and that the c:arcl;amm&;irataw
system had not recovered sufficiently frem the compound insuli of
bronchiolar as well es general mymedews followed by the over-atismila-
tion of excess dosage of thyroid hormore.

Dog number four wes & tan toy collie 9 kg. femnle. I% waua glven
radio-iodide July 27, 1953, and then was observed daily for any changes



asttributable to the radio-iodide or the overation (pentoberbital
anesthesls and intraperitoneal iodide injection}. After sbout

28 weeks no wyxedomatous eondition had sineered, This seems remarie-
ble as husen patients show this sign woually within tlwee months.
Other Lwestigutors have noted this apperent specles variation and
have atirituted the resistance to low thyroid hormone reguirempnt of
eanines ond cecessary amounts for malntenanse being pregent in the
usually high animal protein food intale. This dog was placed upon &
kibbled herblivorous animal dlet eight weeks postopersiively with the
hope that a dlet conteinlog minimal snimel protein might hasten the
appearence of myxedems., Such wae not the case. On the 20th week,
readio-lodide wpteke studies were perforned on this snimal according
to the techalque mentioned above, Uptale wis caleulsted ss 38 cone
pared to 127 in & normal dog when both tests were run simultoneously.
Thie was felt to indieate that the animal was funetionally athyroid.
Uilising thie reeult ss oriteria that the animal was athyroid, the
animel was testod for senmsitivity to intravencuwsly intravenously
injected scetylcholine two times § days epart. Both times the

animal wae found o be more sensitive than the ususl salmal, Thyrold
extract foedlng wos mmrﬁhﬁlaaa instituted imwedistely and any chénges
indleating hypervagetonia or inereased caxdlae susgeptlibility io
injected aceiylolnline were cboerved by the ald of an edestrocordio-

graph talen during operstive procedures. The fibrillatory dose with



thyroid extract feeding deeressed fron 0,07 mg. per kg. averapgs of
two exporiments Yo 2 low of 0.02 mg. per koe after L weeks feeding of
thyroid exiroet,

Dop mumber five was & black 1 kg. mongrel shepard female snd
was administered radio~iodide July 27, 1953. At 28 weeks, despite
a diet condleting of herbivorous animal‘ kibble the lest 2 monils,
no myxedena sppeared. A tracer doss of radio-lodide was injected
dering the 20th woel and the uptake stody indicated 2% uptake com-
pared with 128 with a control normal ren simulteneously, I3 was
faolt thet 2% vepresented insdequate shielding of the Geiger<iuller
tube and that the animal was athyroid. Three gn. per day thyreld
extract was incorparated in the daily dlet immedistely. Before
thyroid feeding this snimel would oot filerillate with an intrevencus
dose of acetylcholine of 1.0 mg. por kg. With thyroid feeding
sensitivity inerecased so that fibrillation on two ocoasions afbey
31 days on this diet was produced with 0,02 mg. per kg.





