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ABSTRACT

Small doses of adrenaline (O,L-Z,O pC. /kS.) injected over 60

seconds into thiopental-cyclopropane anaesthetized dogs produce bigemi-

nal rhythms characterized by an exceptionally constant interval between

the coupled beats. Phenylephrine also causes this arrhythmia but meth-

oxamine does so rarely. An elevation in the systolic blood pressure i.s

required for the appearance of the bigeminy but the arrhythmia can be

elicited consistently only 1n the presence of an increase in blood pres-

sure and a sympathomimetic amine with cardiac stimulant action. Thus,

isoproterenol does not produce the arrhythmia unless the depressor res-

ponse is reversed mechanicatly, The arrhythmia may be elicited in some

dogs anaesthetized with either cycropropane or thiopental, but both

anaesthetic agents are required for the consistent production of this

arrhythmia by adrenalÍne. Thiopental also ¡nodifies other arrhythmic

responses to adrenaline so that rnultifocal ventricular rhythms and ven-

tricular fibrillation occur at doses which animals anaesthetized with

cyclopropane alone tolerate well" Tachyphylaxis to adrenaline-induced

arrhythmias occurs more readily in the cyclopropane-anaesthetized animal

than the animal receiving thiopentar in addition to cyclopropane. The

duration of the cardiac effects of thiopental greatly exceeds its expect-

ed anaesthetic action.

A parasystolic focus of automaticity has been excluded in the

J f 8".í¡: "r¡-



genesis of the bigeminal rhythm by the demonstration of constancy of the

coupling interval with sudden changes in the domÍnant rate. Bigeminal

and multifocal rhythms are lnterconvertlble through approprtate changes

in the systemic blood pregBure and both are abollshed by inJections of

acetylcholine lnto the left circumflex coronary artery. Thiopental also

acts in the distrlbution of thls artery, presumably at the atrioventricu-

lar node or upper bundle of His.

Stimulation of the vagus in the presence of a sympathomimetic

amine allows the emergence of ventricular foci of automaticlty through

inhibition of supraventricular centres. No difference was noted between

the sensltized (cyctopropane) and the nonsensltized (pentobarbital) pre-

paration when this technlque was employed. The evidence indicates that

the bigeminal and nultifocal arrhythmÍas occurring with low doses of

adrenaline in the sensltized preparation are not due to the emergence of

ventricular foci of automaticity.
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SECTION I

INTRODUCTION
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A. GENERAL INTRODUCTION

The administration of adrenaline during hydrocarbon anaesthesia

remains one of the most useful pharmacological procedures for the experi-

mental production of cardiac arrhythmias and one of the significant haz-

ards of clinical anaesthesiology. sudden death during hydrocarbon

anaesthesia was noted as early as 1895 when Oliver and Schafer made the

observation that administration of adrenal extracts to cats anaesthet-

ized with chloroform resulted in death of the animals (I). This obser-

vation was not developed further and the lethality of the adrenal extract

was not related to the anaesthetic agent by these authors. Five years

Iater MacWilliam described sudden halving of the pulse rate and the ap-

pearance of pulse irregularities on applying pressure to the abdomen of

the chroroformed cat but did not comment on this observation (2)" In

19IO Blunenfeld presented a pâper to the Anaesthesiology Section of the

Royal Society of Medicine describing a case of sudden cardiovascular

collapse foltowlng adrninistration of adrenaline during light chloroform

anaesthesia for nasal surgery (3). Blumenfetd attributed this phenomen-

on to "nasal reflexes" but the several discussãnts of the paper comment-

ed on similar responses in a variety of surgical procedures assocÍated

with the concomitant use of chloroform and adrenaline" This empirical

association of adrenaline with chloroforrn in producing cardiovascular

collapse was investigated by Goodman Levy who published his observations

on animals in the following year (4,5)" He noted that ventricular fib-

rillation occurred spontaneously in cats lightly anaesthetized with chtor-

oform and that this arrhythnia could be produced consistently by the

administration of adrenaline. The requisite conditions for spontaneous
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and adrenaline-induced arrhythmias were investigated and an attempt was

made to relate experimental observations to the hitherto unexplained

deaths occurring during clinical chloroform anaesthesia (617).

The acceptance of Levy's experimental observations led to re-

visÍon of anaesthetic techniques u,ith chloroform and greater safety in

administration of this agent. The importance of his contribution goes

nuch beyond this. "sensitization" of the heart to adrenaline had been

demonstrated clearly and a technique was made avallable for the experi-

mental study of cardÍac arrhythmias and for the assessment of anti-

arrhythmic agents.

In 1929 Lucas and Henderson described the anaesthetic proper-

ties of cyclopropane and noted the occurrence of pulse irregularities

following administration of this agent to animals (8). The production

of spontaneous arrhythmias by cyclopropane was confirmed (9,10) and in

1937 Meek et al. reported on sensitization of the heart to adrenaline

by cyclopropane (ff¡. This was the flrst of a series of communications

and review articles by Meek and his group (12-18) which established the

cyclopropane-adrenaline preparation as a basic tool in the study of car-

diac arrhythmias. Acceptance of this preparation probably was predica-

ted on several important considerations. Several authors found cyclo-

propane to sensltfze the canine heart (9-11). The dog appeared to be

closer phylogenetically to man than were the cat or rabbit which had

previously been employed. Moreover, since cyclopropane was a gaseous

anaesthetic it could be adninistered in known concentrations" The recog-

nition by Meek that the arrhythmic response to adrenallne varied with the

rapidlty of inJection probably was of major importance" His group demon-
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strated that the intravenous administration of 1O Þ8"/kg,. of adrenaline

over 50 seconds consistently produced ventricular rhythms but seldom

ventricurar fibrillation (rr¡. rn effect, they shifted interest fron

chloroform-adrenaline "syncope" (ventricular fibrillation) to less sev-

ere ventricular rhythms which lent themselves better to experimental

investlgation. In so doing they introduced a standardized test prepara-

tion (11).

B. SPONTANEOUS AND ADRENALINE-INDUCED ARRHYTHMIAS DURING HYDROCARBON

ANAESTHESIA

1. The Roj"e of Anaesthetic Concentrations

Observations made on chloroform-anaesthetized cats indicated

that deep anaesthesia tended to abolish spontaneous arrhythmias (4,5)

and that the ease with which adrenaline produced arrhythmias was inverse-

ly related to the depth of anaesthesia (7) " It was later demonstrated

that the production of arrhythmias durÍng light anaesthesÍa was facilita-

ted by an antecedent period of deep anaesthesia (19)" In contrast, it is

acknowledged generally that the production of spontaneous and adrenaline*

induced arrhythmias under cyclopropane is directly rel"ated to the depth

of anaesthesia (9,11,18), The onty report to the contrary is that of

Guedel who advaneed the concept of an "&rrhythmic range" for cyclopropane

(20). [Ie believed that spontaneous arrhyühmias occurred only within a

specific range of cyclopropane concentrations. Although Thienes et aI"

confirmed this experimentarry in dogs (21 ), there is no mention j"" ";."
communÍcation of the adequacy of pulmonary ventilation, The extreme con-

centrations of cyclopropane required to exceed the "arrhythmic rânge"

would be expected to produce severe hypoxia and hypercarbia (see follow-
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ing section). Lee et al. were not able to demonstrate this phenomenon

in adequately ventilated animals (fS¡.

Close inspection of the literature suggests that the reported

dÍfferences under light and deep anaesthesia with the two agents may be

a function of the species employed. Chloroform was studied nainly in

cats whereas cyclopropane has been studied almost exclusively in dogs.

Embley has noted the dog to be relatively:i-nsensitive to spontaneous

arrhythmias under chloroforn (22) and Meek et at. have demonstrated the

sensitlvity of the dog to chloroform-adrei:raline arrhythmias to increase

with the depth of anaesthesia (11), Under cyclopropane anaesthesia, the

cat is said to be more sensitlve to spontaneous arrhythrnias than is the

doB, and the dog to be more sensitive t,o adrenaline-induced arrhythmias

( l7 ,18) .

2. The Roles of Hvpoxia and H ercarbi a

Spontaneous or adrenaline-induced arrhythmias are produced less

readiry in the chloroform-anaesthetized cat (z) or dog (23) under arti-

ficial respiration than when the animal is breathing spontaneously" Sev-

eral authors (9,10,18,21 r24) have demonstrated that spontaneous arrhyth-

mias in cats or dogs anaesthetized with cyclopropâne occur at the point

of respiratory arrest and that institution of artificial respiration

abolishes these arrhythmias (gtLo,z4>. The appearance of such arrhyth-

mias appeared to be related to the retention of carbon dioxide (24)

rather than to hypoxia (18)" However, hypercarbia is not essential for

the development of spontaneous arrhythmias since they will occur in ani-

mals receiving artificial respiration if the cyclopropâne concentration

is sufficiently hlgh (9rLO,24), Lurie et.- al" demonstrated that spontan-
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eous arrhythnias occur at norm&I end-explratory carbon dioxide tensions

in patients under cyclopropane anaesthesia, but that adminÍstration of

carbon dioxide increases the incidence of such ârrhythmias (25),

The mechanism of the carbon dioxide effect has not been de-

fined adequately. It is well known that carbon dioxide may stimulate

the vasomotor centre and increâse the activity of the sympathetic ner-

vous system. Price et al" demonstrated increased plasma levels of cate-

cholamines following adminÍstration of carbon dioxide to patients anaes*

thetized with cyclopropane and related increased sympathetic activity

to the occurrence of arrhythmias (26> " Because the level of catechol-

amines at which arrhythmias occurred was muoh lower than the tevels

required \ryhen exogenous adrenaline was administered, thís group in*

ferred that the circulating catecholamines reflected release at sym-

pathetlc nerve endings. They also observed that bilateral infiltra-

tion of the stellate gãnglia with local anaesthetics increased the

threshold of carbon dioxide required for arrhythmias" Although l"ocaI

that sufficientanaesthetics are antiarrhythmic agents, Ít is unlÍkeJ"y

systemic absorption would occur to influence this observation"

Levy reported that asphyxia protected against chloroform
j.

arrhythrnias (27) " Several other reports indicate that hypercarbia in*

duced by the administration of carbon dioxide or by decreasing âIveo*

lar ventilation protects against cyclopropane-adrenaline arrhythmias

(Ie.,28r29'), It is apparent from the values given for arterial pHo

pCOrr pO2, or percent carbon dioxide administered that these anÍmals

were in severe respiratory acidosÍs. Price and Helrich have demonstra*

ted cardiac depression to be produced by metabolic or respi"raterry acid*
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osis (30).

It would appear that the superfÍclally conflicting reports on

the effects of carbon dioxide can be reconciled. The data indicate that

moderate retention of carbon dioxj.de sensitizes to arrhythmias by stimu-

lation of the sympathetic nervous system, and that more gross disturbances

inhibit the production of arrhythmias through a cardiac depressant ef-

fect. In this context it is interestÍng to note that spontaneous arrhy-

thmias have been reported to occur when elevated arterial carbon dioxide

tensions are reduced suddenly (21,25,26,29).

3. The Role of the Nervous System

a. The Synpathetic Nervous System

The spontaneous arrhythmias which occur in the sensitized pre-

paration probably require an intact autonomic nervous system" Levy

noted that sudden deaths occurred more frequently during induction of

chloroform anaesthesia or during recovery from this agent and was able

to demonstrate that sensory stimulation of the lightty anaesthetized

cat produced ventricular rhythms and even ventricular fibrillation (7,

27>, This observation was confirmed by Brow et al" (31),

Although endogenous catecholamine release probably is involved

in the response, it is dlffÍcult to quentify the relative importance

of the sympathetic innervation of the heart and of circulating neurohu-

mours in the genesis of such arrhythrnias. It has been demonstrated that

stimulation of either the right stellate gangtion (7,27 ,3L) or of the

splanchnic nerves (27) produces arrhythmias. Because spontaneous chlor-

oform arrhythmias occurred in animals subjected to bilateral stellate

ganglionectomy, Levy considered release of catecholamines from the adre-
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nal medulla to be of prlmary importance (7). Although he was unable to

abolish such arrhythmlas by bilateral adrenalectomy, he attributed thls

failure to the presence of residual chromaffin tissue. Nahum and Hoff

denonstrated that neither bilateral adrenalectomy nor bilateral stel-

late ganglionectony protected against spontaneous arrhythmias in the

benzol-sensitized cat, but that protection was complete when these sur-

glcal procedures were combined (sz¡. It has been reported, however,

that spontarieous arrhythmias occurring in the cyclopropane-sensltized

cat are prevented lf renioval of the thoracic sympathetic chain as far as

T6 is combirred with birateral sterlate ganglionectomy (24,sB).

Many authors have sought to implicate the sympathetlc nervous

system in the genesls of adrenaline-lnduced arrhythmias in the sensit-

lzed preparation. Although Levy demonstrated that chloroform-adrenaline

ventrlcular rhythms and ventricular fibrlllation occurred followtng car-

dlae denervatíon and ptthing of the spinal cord (z), Bouckaert and

I{eymans claimed that carotid stnus denervation protected dogs against

chloroform-adrenaline "syncope" (ventricuLar flbrillation) (34). This

was confirmed 1n vagotomized dogs sensitlzed with benzol (85), These

authors suggested that carotid sinus denervation allowed continued re-

lease of neurohumours at the heart during the pressor response to adren-

atine' ând that thls prevented the cardiac dllatation which apþeärs to

prècede ventrieular fibrillation. Although these results suggest that

sympathetie lnriervation of the heart may be important 1n the genesis of

fibrlllatlon, it 1s of lnterest that.less severe arrhythrnlas were not pre-

vented by carotid Sinus denervation (35).

' Extensive removal of lumbar sympathetic chains and plexuses has
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been stated to protect against chloroforrn-adrenaline ventricular fibrlL-

Iation (36). Allen et al. (37) and Stutzman et aI. (38,39) have shown

that many surgical procedures including abdominal evisceration, exten-

sive lumbar sympathectony, section of the spinal cord, decerebration or

stellate ganglionectomy, protect against cyclopropane-adrenaline arrhy-

thmias. They suggested that cyclopropane acted on receptors in the reg-

ion of the mesentery and postulated a reflex reaching a midbrain level.

The efferent impulses of the arc were stated to reach the heart by the

cardiac sympathethic nerves, and to there "senslti ze" tine myoeardium

to exogenous adrenaline. Although these results are quoted widely in

the anaesthetic literature, their validity is in serious doubt. Ren-

nick et al. have demonstrated conclusively that extensive cardiac sym-

pathectomy does not protect against cyclopropane-adrenaline arrhythnias

(40). In these experiments functional removal of aI1 postganglionic

ffbres was ensured by the conconitant use of tetraethylammonium, a

ganglionic blocking agent.

b. The Parasynpathetic Nervous Systen

Section of adninistratlon of atro-

pine ( 43,44>

thmias in the

protects

the vagi (4L j42,43) or the

in large meâsure against adrenaline-induced arry-

nonsensitlzed preparation although arrhythmias may still

sufficiently large doses are employed (43,45). Rlker

that adrenallne stimulates all centres of autonaticÍty

sinoatrial node, tho atrioventricular node and potentlal

be obtained lf

et al. suggest

lncluding the

ventricular pacemakers, the lower centres manifesting their activlty

only when the SA node Ís depressed by vagal activity (43). Dresel has

demonstrated, however, that the vagal effect on conduction through the
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âtrioventricular node is of sufficient magnitude that artificial main-

tenance of the atrial rate does not change the threshold dose of adrena-

llne necessary to induce cardiac arrhythmias. He has shown AV-nodal

block to precede initiation of arrhythmia both in the presence and in

the absence of atrial drive (46). These authors agree that a brief per-

iod of ventrlcul&r slowing is required for the energence of the ventricu-

Iar pacemaker in the nonsensitized preparatj-on"

Vagotomy or the j.njection of atropine does not protect against

ventricular arrhythmias produced by adrenaline in the sensitized prepar-

ation (11,34r43,47-5o), on the contrary, severance of the vagi, or ad-

ministratíon of atropÍne in the lightly-chloroformed cat mây produce

cardiac irregularities (L7,27). It has been claimed that intravenous

atropíne produces bigeminal rhythm in cyclopropane-anaesthetized man

(sr¡.

stimuration of the vagus (42,62rF,s, or injection of acetyl-

choline (+Z¡ $,111 produce ventricular rhythms in the nonsensitized ani-

mal Ín the presence of subeffective doses of adrenaline" In contrast,

vagal stimulation during chloroi.lc.ir:.m or cyclopropane anaesthesia wÍtI

âbolish or prevent arrhythni.;ç {?,31,54) other than ventricular fibril-

lation ( 54,55) .

4. The Role of the Systemic Blood Pressure

Levy initially specurated that the adrenal-ine*induced in-

crease in the systemic blood pressure might be a fac.,-¡.:r in the produc*

tåc¡n of arrhythmias in the sensitized preparation (öj out later reject-

ed this possibifity (27)" He found that ventricular fibrillatÍon pro*

duced kry strychnine in the sensitized ca'f was prevented by bilateral



-10

stellâte ganglionectomy although this procedure did not modify the pres-

sor response to the drug. He alsc¡ demonstrated that tetrahydroxypapa*

verorfne, which is cardioactive and produces â depressor reßponse,

nevertheless induced ventricular fibrill"ation in this situation. He

concluded that neither multifocal nor f,ibrillatory rbythm was related to
blood pressure (27) " This conclusion was predicated on his view that
multifocal and fibrillatory rhythms of the ventricle were the same basic
phenomenon, differing only in degree.

other authors have sought to impJ.icate the pressor response

to adrenaline in the productlon of ventricular fibrillation" Shen

demonstrated that adrenergic blocklng agents such as yohirnbine end the

benzodioxanes FggS and F883 protected in large measure against chroro-

form*adrenallne ventricular fibrfrlation (85,56)" He contended that
an increase in systemic brood pressure was important in the genesis of
this arrhythmia, the rate of rise of the pressure being considered of
greater importance than the absorute pressure achieved" vanDongen

showed, however, that Fgg3 raised the threshold for electricalry-in-

duced ftbrillation of the heart and that it still protected if adminis-

tered slmultaneously with adrenarine to the sensitized preparation (52) 
"

He concluded that these agents protected against ventricular fibrilta*
tion by a di.rect action on the heart and not by preventing the pressor

response to adrenaline. Neither of these authors concerned themserves

with arrhythmihs other than ventrlcular fibrillation. Brockman and

Hugglns have reported that preLiminary haemorrhage to 50 mm" Hg reduced

the pressor response to l0 pg"/kg, of adrenal.Íne and protected against

ventricular fibrlllatl"on in cyclopropånê-sensitízed dogs (5g)" How-
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ever' since the animats employed in their investigatlon were onry ven*

til"ated "when necessary" the possibility exists of severe myocardiar

depression due to the cornbined effects of anaemic and enoxic hypoxie"

Arthough the possibil"tty cånnot be excluded that the pressor

response to sympathomimetic amines is Ínportant in the productlon of

ventrieular fibrillation in the sensitized preparation, it is certainry
not requlsite for the development of this arrhythrnia. several authors

have demonstrated ventricurar fibrillation to occur in response to iso-
proterenol in the sensltized preparation (4g,õg,60)"

The role of the systenic blood pressure in the productlon of
ventrlcular arrhythmias other than fibrillation has been studied more

adequateJ"y. Although Levy did not consider the pressor response to ad-

renaline to be of lmportance, he demonstrated that ventrlcular beats

could be produced by elevation of the systemic blood pressure, and that
spontaneous chl0rofonn arrhythmias could be abolished by procedures

lowering the blood presgure (zz¡. He lnterpreted tbe latter phenomenon

to be due to decreased brood supply to the heart, and suggested that
the protectlon afforded by this manoeuvêr was anntr agous to that provided

by asphyxia.

Much of the ,interest in the rore of br.ood pressure in the
gene$is of such adrenalÍne-induced ventrlcutar rhythms in the sensi.t-
iaed preparatåon has stemmed frcm the observation that such arrhythmias

are pre\rented by pretreatment with g*adrenergic blocking agentso which

do not block any other measurable cardiac action of ühe sympathornime-

tic amines (61). rt is rnteresting that tÏ¡e protection afforded by

appropriate doses of these agents fs vlrtuarty eomplete and is of a
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different order of magnitude than that provided by cardiac depressants

such as procaine (16,49 162), A maJor controversy has centered on whether

the protection afforded by such agents rests in their ability to prêvent

the pressor response to adrenaline or whether they act directly on the

heart to prevent some cardiac action of adrenalíne. considerabre infor-
mation on the rore of pressure in arrhythmias has deveroped fron the

several investigations performed to clarify this point.

Moe e-t- al. investigated the protectlon afforded against cyclo-
propane-adrenaline ventricular tachycardia by Dibenamine, a F-haroalkyl-
amine (+z¡, They found that erevation of the systemic brood pressure

simultaneous with the adminÍstration of adrenaline wourd produce ventri-
cular arrhythmias in spi-te of prlor administration of the blocking agent,

Nickerson and Nomaguchi showed that the results of Moers group could be

confirmed only when small doses of the blocking agent were adminlstered
(+a¡ ' Larger doses of Dfbenamine produced protection against adrenaline-
lnduced ventricurar rhythns which courd not be reversed by raislng the
blood pressure. They also pointed out that the dose of brocking agent

required to protect against arrhythmlas is greater thqn that required
to prevent the adrenaline-induced hypertension, a finding which is con-

sonant with the observations of other investÍgators (59,63)" Arthough

Acheson et al. have shown Dlbenamine to possess a quinidine-like action
(64), this did not appear to be impricated in the protection (4g).

Nickerson and Nonaguchi concruded that other factors were involved in
the protective action of adrenerglc blocking agents and postulated a

dlrect non-quinidine-rike action on the myocardium (ag) 
"

Although NÍckerson and Nornagucht dtsagreed with Moers inter-
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pretation of the rnechanism of Dlbenamlne blockade, they did agree that
the rise 1n blood pressure produced by sympathomimetic amÍnes was import-

ant Ín the induction of ventricular rhyt,hms. Moe's group demonstrated

that the amount of adrenaline requlred for the production of ventricular

tachycardia was inversely related to the initial blood pressure when

varying degrees of hypertenslon were produced mechanically prior to the

lnJection of adrenaline. Nickerson and Nomaguchi contended that the

absolute blood pressure achÍeved rather than the rate of riee or the in-

crement in pressure wâs the important factor in the production of such

arrhythmi as.

Nevertheless, the Íncrease in brood pressure produced by syrn-

pathomimetic amines cannot be the only factor involved in the production

of ventriculâr arrhythmias. Nlckerson and Nomaguchi have denonstrated

that such arrhythmias will occur Ín response to Ísoproterenol in the

sensitfzed preparation (48) and Murphy qt_ al. have shown that preven_

tion of the pressor response. to adrenaline by a pressure regulator does

not protect conrpletery against such arrhythmias (65). Moe et al. demon-

strated, however, that such a manoeuver increased the adrenaline thres-
hold 4 to 8 fold (+Z),

A summation of the evidence presented for adrenaline-induced

ventricurar tachycardia thus indicates that a rise in the systenic

blood pressure is involved, but is not the only factor of importance in
the genesis of thfs arrhythmia. The mode of actÍon of the adrenergic

blocking agents in preventing these arrhythnlas is stlll unresolved.

The f,act that such diverse agents as the p-hatoalkylamines (47 ,4g,4g,sg,
62,63 166 167,68) , phenothlazines (69) , yohimbine (16,56) , and the benzo_
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dioxanes (L6,L7,35'56) all possess thÍs âction suggests that this pro-

perty is associated with the common ability to block the G_receptor ac_

tions of adrenaline" Nevertheless, it cânnot be consluded from the evi-
dence presented that these agents act solely through preventing the pres-

sor response to adrenallne.

It should be noted that stabilization of the blood pressure in
the noqsensítized preparatlon protects almost completely against adrena*

Itne-induced arrhythmias (+z¡. The mechanlsm believed to be operative

in tbis circumstance is prevention of the reflex stímulation of the vagus"

C. OTHER CARDIAC EFFECTS OF CYCLOPROPANE

The recent revlews of price (7o r7L) emphasize the effects of

cyclopropane on the peripheral vascular and other organ systems. The

following comments will be restricted to the effects of thÍs agent on

the myocardium and the conductlon system of the heart"

There is general agreement that the canine heart rung prepar-

ation 1s depressed by cyclopropane (18,BO 160,7z). Exposure of this pre-

paration to cyclopropane produces an increase Ín right atrÍal pressure

and a decrease in cardlac output (30,60). Moe et al. (ZZ¡ ¿rronstrâted

a decrease in the cardiac output when the right atrial pressure was in*

creased mechanically under cyclopropane. They also noted that moderate

increages in the arterial resistance produced ¡narked elevations of the

right atrial pressure. Increasing the venous pressure in decerebrate

dogs by the administration of saline during treatment with cyclopropane

has loeen reported to produce no roontgenographic evidence c¡f cardiac

dilatation (73). Moe g! qr. have shown however, that mechanicalry in-
duced Íncreases in the systemic arterial pressure of intact dogs anaes-
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thetized with cyclopropane produced marked elevations of the right atrial

pressure (ZZ¡, The latter authors concluded that cyclopropane produced a

decreased "cardiac reserve", Brace et al. have reported cardiac dilata-

tion and increased stroke volume ]." ;; dogs forrowing a 5-minute ex-

posure to 50 percent cyclopropane (74). The Ínterpretation of these re-

sults is conplicated by the concomitant use of pentobarbital and the

high concentration of cyclopropane emproyed. However, a cyclopropane

concentration of 20 percent has also been reported to cause cardiac dila-

tation in intact animals (75).

Several authors have reported that the admlnistratj.on of cyclo-

propane to the human premedicated with morphine produses a decrease in

cardiac output and an increase in central venous pressure and in pulmon-

ary artery pressure (162r76r77>. The right atrÍal pressure of non-pre-

medicated man is increased by cyctopropa.ne, but stroke volume and card-

iac output are increased in this situation (162,78)" Robbins and Baxter

also have reported increases in stroke volume and cardiac output in

trained' unpremedicated dogs (79). Price considers pretreatment with

morphine to influence ¡raterlatfy the cardiovascular response to cyclo-

propane (ZS).

Price et al" (26,80) have demonstrated increases in clrculat-

ing catecholamines following administration of cyclopropane. Release of

adrenaline from the adrenal medulla appears not to be involved since

similar changes are observed in adrenalectomized patients (21). price

has suggested that cardlovascurar depression produced by cyclopropane

results in a homeostatic mechanism wherein sympathetic nervous system

activity is increased. The increase in cardiac output noted in the un-



premedåeated subject

is nc¡ direct evidence

t6

a reflection of such activity" There

this propc¡sal . Certai,nly the demon*

is considered

in support of

stration c¡f sensitization of the cärotid sinus by cyclopropane (gl.) does

not support this theory, since

to decrease

an abnorrnally sensitÌve carotÍd sl-nus

would be expected sympathet;ic tone rather than produce an in*
crea se.

The effects of cycropropâne on the conduction system of the

heart have not been studied adequately. Acierno and Dipalma hâr¡e re-
ported cyclopropane to decrease the refractory period as well as the con-

tractility and erectricat excítabiríty of the isolated cat atrium (g2).

Smith q,t ql. (83) and Galindo and Sprouse (84) demonstrated that the ab-

sol"ute refractory period and the threshord for erectrlcar stirnuration of
the canÍne ven'tricular myocardium is increased by cyclopropane. The pR*

interval of the driven heart also was increased, implying slowed conduc*

tion between the atria and ventricles. rnterpretation of, these data ís
complícated by the use of thiobarbiturates by these authors"



SECTION II

METHODS
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A. METHODS OF ANAE STHESIA

1" Induction of An¿est hesia with Barbiturate

a" Sodium thiopental

Eighty-four mongrer dogs unselected as to sex and weighing

from 4 to 11 kg. \ilere ânaesthetized initiarry with 20 ne,l*e. of sodium

thiopental administered into a cephalic vein. The trachea was cânnu-

lated and 100 percent oxygen was administered by a palmer Ideal respir-
atlon pump at a rate of rg/minute and a tidal vorume of 2o-25 mL./kg,

body weÍght. Most of the requÍred operative procedures were performed

under the barbiturate anaesthesia and the gas mixture routinery was

changed to 20 percent cycropropane in oxygen forrowing preparation of
the animal. Anaesthesia was maintained in animals showing premature

wakening by the early addition of cycropropane to the system or øccír--

sionally by a singre further administration of 5 mg"/kg. of thiopentar_.

Addition of cyclopropãne was delayed in an additional seven animals

maintained in surgical anaesthesia for several hours by the repeated ad-

ministration of thiopental,

b. Other barbitur ates

Eíght dogs were anaesthetized with 30 ng,/kg. of sodium pen-

tobarbltal intravenously. Four of these animals receÍved no other

anaesthetic, and four surosequentry received cyclopropaneo Ten dogs

were given other barbiturates intravenously before the administration

of cyclopropåne' Four received 40-Bo mg,/kg. of sodium secobarbital, 2

were gåven 30 nng,/ke" of sodium methiturar, and,4 recerved 40-go mc"/*g"
of sodium amobarbital,
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2. Induction and Maintenan ce of Anaesthesi a with Cyclop ropâne

sixty-seven unpremedicated dogs weighing fron 3 to 11 kg. Ìvere

anaesthetized with 30 to 50 percent cyctopropane in oxygen by means of
an animar face mask. After tracheal cannuration the animals were connect-

ed to the Palmer rdear pump which derivered 20 percent cycropropane in
oxygen.

Cyclopropaneo U"S.p", and oxygen, U.S.p. $,ere supplÍed by a

Heidbrink anaesthesia machine, the flow meters of which were carib_
rated at three-monthly intervals by measuring the volume of water dis_
placed by the gâses derivered. The gâses were red to a nixing bag, ând

thence to a face mask or the palrner pump, Expired gas was returned to
the bag through a carbon dioxide absorber containing fresh bariun hyd-
roxide, u"s.P' (Bararyme). A serni-closed system was used in alr experi-
mentso 10 to 25 percent of the expi^red gases being vented to the atmos_

phere" The rebreathing bag was enptied frequentry to prevent accumula-

tion of nitrogen, A period of at teast s0 rninutes of cycropropane ad-

ministration preceded experimental procedures" This time has been found

adequate for tissue equilibration wíth this gas (g5)"

B. SURGICAL PROCEDURES

1" Thoracotomv and Perica rdiotomy

The sternum u,as exposed by erectrocautery in 33 animars and

creaved Ín the midline over its entire length. rn an additional 40 dogs

electrocautery was emproyed to expose the intercostar muscles of the
left thorax and the pleural space was entered between the 4th and 5th
ribs by blunt dissection. A smalr incision was made in the pericard*
ium over the right atrial appendage when the heart was paced etectri*



cally. When intralumenäl

the coronâry ârlleri.es, rlre¿

left phrenic nerve"
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pressureg wilre recorded or drugs

peri.cardium tuas íncised widety

inJected into

Lateral to the

2" Procedures :tor Mechani-c.e.t Con"troÏ of ttre Systemic Bloc¡d Pressure

MechanicnL etevation o:fì the systemic bloq¡d pressure usuallv was

achieved by reversible e¡cclusiern cìf, Êhe thoracic se¡rta" A loose riga*
ture approximatety B mm" in diameter wäs placed around the descendÍng

thoracic aorta and the ends \ryere trret'eight out through e stiff rubber tube"
Reversibre occlusion of the vessel. was achieved by compression against
the rubber tubing. The systemic b.Lood presËure was herd constant or al*
tered in other experiments hy meðns erf a pressure regurator. This con_

sisted of a 5o*litre pr"essure tank connected to a Z*ritre reservoir
prÍmed with donc¡r hrood dir"uted no more than 5o percent with 6 percent
dextran in 0.9 percent sodium chl"or"Íde. The reservoir was connected to
the animal by means of a cannula of s mm. internal dianeter vrhich was

inserted into the abdomÍnar" aorta ber-ow the renar vessers" ïn some ex_

periments, the midline abdomi"nal" incision was closed after positioning
of catheters; Ín others, the exposed peritoneal contents were covered

with warm pads moístened with s¿¡l.i,ne.

3, P aration of S i,nal Animals

EÍght dogs were anaesthetiued with 'pen dreip ether and the
trachea wäs cånnul,ated" The animals were maintained in surgical anaes*

thesia by connecting an ether rraporiuer te¡ a tratmer respiratton pump

supplying 100 percent oxygen" After sect:i,on of the vagi, cannulation
q¡f the right care¡ti-d artery for b].<¡od pressure r:ecordingo and apprica*
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tion of a roose tie around the Left common carotid artery, the animal was

placed in a prone position with the head acuteJ.y ftr-exed over a suppei.t"

An incision extendÍng approximatety i"o cm" caudad from the externaL occi*
pital protruberance was made in the midli,ne by el"ectrocautery. The spine
and arch of the second cervÍcaÏ verLebra were cleared of muscular attach*
ments by electrocautery and periosteal" elevators and the cephalad portion
of the spine of this vertebrå was removed with bone rongeurs. The 1iga-
mentum flavum was incised and the dura was cut in the midrine. Two ties
were placed around the spinal cord wi'th an äneurys¡n needle" The rigatures
were tightened and the cord'severed between ties. The left conmon carotid
artery was ligated and a metal rod 5 mm. in diameter w--: inserted cephalad

through the foramen mägnum to pith the brain. The for¡-llrrr:¡l magnum was

packed immediatery with surgicar sponges and bone wax" Apparent brood

loss during this procedure was less than 10 ml. The systotic blood pres-
sure rarely fell be10w 100 nm" Hg, The skin incision was closed with
loose ligatures feillowing completion of the spinat section and the anÍ-
mal was returned to the supine position. Ether administration was stopped
and artificial respiratic¡n with ro0 percent oxygen was continued for the
rest of the experiment" No experimental procedures were çarried out for
at least 30 minutes to ensure that most of the ether had been excreted.

C" OTHER EXPERTMENTAL PROCEDURES

1" VaEus Nerves

All experiments reported were performed on animals in which

birateral vagotomy was performed at a mid-cervÍcai" l"er¡el" This usuâtly
was done lmnediatery after induction e¡f anaesthesia but was del,ayed ap*

proximately 30 minutes in g experÍments where integrÍty of the vagi was



-2L

necessary for the study.

2, Pressure Recordi nBs

The systemic brood pressure was taken as the end pressure re-
corded in the right conmon carotid artery. This vessel was cannurated

with nnrnber 260 polyethylene tubing (2 nun. r.D") which was connected to
the pressure transducer. other intral"umenal pressures were recorded as

lateral pressures. The right and reft ventricres were pierced by l5
gâuge hubless needres at points approximatery 2 cm. lateral to the left
anterior descending coronary attery and. 2 cm" proximar to the apex"

Pressures within the ¡nain pulmonary artery were recorded by a r5 gauge

hubless needre inserted through a smalr purse-string suture at.. a point
approximatery 1.5 cm. distal to the pulmonary valve. Arr needles were

connected to pressure transducers by nunber 260 polyethylene tubing.

3 In.iection of Pharmacologi cal Agents

Ïntravenous inJections were made lnto an exposed femorar vein
through 27 gauge needles; infusions were given through polyethylene tub_

ing inserted into a femoral vein and advanced Ínto the Ínferi-or vena

cava.

The maln branches of the left eorona:r,y artery were visualized
by reflecting the left atriar appendage (Figure 1) " The reft anterior
descending ând the 1eft circumfLex coïonary arteries \¡iere exposed for
lengths of approxtnately 5 mm. at points approxirnately l.ö cm. dÍstal
to thelr conmon origin. Loose nyron Ligatures were praced around the
arteries by mea,ns of a fine aneurysm needle to stabillze the vessels"
The arteries were entered in the directi-on of blood flow with 27 gauge



Figure 1. Schematic diagram of the heart showing position of hubless
needles in main branches of the left coronary artery. The left atrium
has been reflected to show the left circumflex coronary artery, The
markings of the coronary arteries have been exaggerated. Dissection
was confined to the immediate areas of the arterial punctures.
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hubless needles connected to 3*way stopcocks by means of 20 cn. lengths

of number 10 polyethylene tubing (O.Ze Tm. I.D.) " The tubing was fil"ted

with heparinized salineo and the position of the needle within the lumen

could be confirmed periodically by opening the stopcock to the atmosphere

and observing the return of arterial bl"ood. Extreme care was taken to

prevent even transient occlusion of the coronary arteries during position-

ing of the needles" Animals were discarded in which such occlusion was

believed to have occurred or in which excessive dissection was requlred

to expose the coronary vessels. The absence of local thrombosis at the

site of needle puncture was confirmed by necropsy of all animals subJect-

ed to this experimental procedure.

D. STIMULATION AND RECORDING TECHNI S

Bípo1ar clip electrodes attached to the right atriaL appendage

were used to pace the heart" A Tektronix stimulstor supplled rectangu-

lar pulses of 1.0 msec. duration and approximately twice threshold inten-

sity at rates af, 25-45 beats,/minute greater than the sinus rate.

The peripheral end of the severed right vagus nerve was stlmu-

lated by means of bipolar ring or hook el"ectrodes. A Grass model sD5

stimurator supplied 1.0-2"o msec. rectangular pulses at a frequency and

voltage sufflcient to slow the heart maximally without Loss of sinus

dominance (tO-30/sec., 5-20 volts). Drying of the nerve was prevented by

reftecting loose skin flaps to construct a loath filled with mineral oil.

Lead II electrocardiograms were taken in all dogs usj.ng subcut-

an€(}{6 needle electrodes and atrial electrograms were recorded in many

open-chest animals" A Statham P23AA transducer u,as used to measure art-

erial pressure" Right ventricular and pulmonary artery pressures were
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sensed with a Statham P23BB transducer" AII parameters were recorded on

a Grass ink-writing polygraph at â paper speed af. 25 mm",/sec"

E" DRUGS EMPLOYED

1" Barbiturates

Barbiturates employed for induction of anaesthesia were inJect-

ed rapidly into a cephalic vein by percutaneous puncture"

Solutions of sodium thiopental in 0" I percent sodiurn chloride

were prepared in concentrations af 2 ¡s,g"/mL"-Zo mg,/mL. 0"1 ml . of solu-

tion wâs injected lnto a coronary artery over 5 seconds and o.l nr" of

heparinized saline was used to flush the drug through the catheter. As

control for the high pH of the solution, injectlons rflere preceded and

followed by injections of 0.9 percent sodium chloride adJusted to the

same pH (approximately 11"2) with sodium hydroxide"

2 Svmpathomirnetic Ami ne6

0.05 to L28 ¡t"9,/kg. of l-adrenaline dituted to S,O mt. witb

O.9 percent sodium chlorÍde were injected into a femoral vein over the

course of 60 seconds. The interval between injections rÀras 15 minutes

for doses less than 4.o pg"/kg,, and 20-25 minutes for larger doses"

rsoproterenol and phenyrephrine in doses of 0"5 to 60 vg"/lr.g,. and 25 to

5O ¡tg"/kg" respectively, were given as the racemlc mixtures by the same

method" Sufficient time was allowed between injections of these agents

for the blood pressure to return to control values. Animals received

only one injection of dl*mêbhoxamine (0.8 mg" /lxg.) " Intravenous infu-

sions of adrenaline at rates of 0.06 to 4"0 tJg./kg"/nín. were adminis-

tered by a Palner slow injection apparatus or a Harvard infusion pump"
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The infusions were of 7 to 22 minutes duration; 20 to 30 minutes were

allowed between infusions.

The tartaric acid salt of adrenaline was employed ln all ex-

other sympathomln-

and doses are express-

and doses are expressed as the base. All

administered as the hydrochloride salts

3. Adrenergic blockfng agents

Dichloroisoproterenol (nCf¡ and nethalide (ICI 38174, AlderllnR)

were administered intravenously in doses of 2-10 mg./1r.g ., and 5-10 n.g,/kC,.

respectively. Botb agents were injected over 5-10 rninutes, and an inter-

val of 3O minutes was allowed for the development of blockade.

4. Acetylcholine

0.5 to 50 pC. of acetylchollne was lnjected into the coronary

of aùninistration were employed with thisarterÍes. No other routes

agent.

F. ANALYSIS OF RECORDS

Intervals on the eleetrocardiograms were determined by means of

a measuring nagnifier graduated to 0.1 mm" This allowed a precision great-

er than t6 r"u". at the paper speed of 25 mm.,/sec. used in recording. Be-

cause of the difficulty in finding a standard reference point for measure-

ment in some abnormal complexes, it 1s probable that the measurements

were not more accurate than 112 r""". The heart rate was read directly

from the electrocardiogram. Systolic and diastolic blood pressures were

taken from the pulse tracing. In closed-chest animals in which there was

considerable respiratory artefact, the peak pressure observed 1n the 6
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seconds preceding experl"mental procedures was taken as the control blood

pressure.
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A. I}{TRODUCTION

It is generall"y bel"Íeved that the phenomenon of hydrocarbon

sensitÍzation of the myocardium to the production of aberrant rhythms

by syrnpathomimetic amines involves increased susceptibitity of ventricu*

Iar üissue to pacemaker formation (12,13,47 186). It is dj"ffÍcutt to

reconcile such an effect wÍth the known depressant action of sensitLøLng

agents on the heart" Several suggeståons have been made whieh åttempt

to explain ventrieular automaticity in the face of depression of the

myocardium. RÍker gt g¡" suggest that, adrenaline*'induced automaticity

of the atriq:ventrrr;";ode normally prevents the development of auto-

matieity of lower centres (43). Multiple ventricular foci of autornati*

cÍ,ty are thought to emerge in the presence of a hydrocarbon through de-

pression of this primary pacemaker (+S¡. DiPalma and Schultz have ad-

vanced the hypothesis that the effect of adrenâl"ine is greater on

locally depressed areås than on mörê normal areas of myocardium (87).

Prelimínary ÍnvestigatÍons to determine whether atrioventri*

cular block preceded cyclopropåne-ãdrenaline arrhythmias reveãled that

the nature of these arrhythmÍas changed from ventrieuLar tachycardia to

a coupled rhythm as the de¡se of adrenaline was reduced" The investiga-

tions reported here coneern themselves with the factors involved Ín the

genesis of this latter arrhythmia.
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B. RESULTS

1. Electrocardiographic Changes Induced by Mininal Doses of Adrena-

line

The administration of srnall doses of adrenaline to dogs anaes-

thetized with cyclopropane consistently produces a bigeninal rhythm. The

coupling usually results in a bigeminal rhythm characterized by alterna-

tion of normal and abnormal QRS complexes in which the interval between

the normal and the abnormal beats ls constant or varies within very

narro\il 1lnits. The abnormal complex occludes the next expected normal

beat and produces a "compensatory pausert before the following sinus beat.

Constantly-coupled bigeninal rhythns lasting from 15 seconds

to several minutes were produced in 75 of 80 dogs by O.I-2,O lJC./isg, of

adrenaline injected over 6O seconds. The minimum effective dose in most

animals was 0,25-L.0 t¿S./ke. Two of the five dogs in which the arrhyth-

mia was not produced by doses of 2.0 pg./kg. or less disptayed isolated

"coupling" while three animals were resistant to large doses of adrena-

Iine (4-2O $9,/kg,). Bigeminy was induced with equal ease in open- and

close-chest animals. The bigeminal rhythm was also produced in 9 non-

vagotomized dogs and in 2 dogs which had been subjected to acute bilat-

eral carotid sinus denervation.

Typlcal records are shown in Figure 2. The signal artefact in

Figure 2A indlcates the beginning of the one minute injection of 2.O ¡tg./

kg. of adrenaline. The control arterial pressure was approximateLy LOO/

75 mm. Hg and the rate of the undriven heart l5O,/minute. The injection

was completed 7 seconds before the first abnormal complex. The arterial

pressure had reached 200/165 mm. Hg and the heart rate L9O/minute immed*
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iately before the onset of the bigeminal rhythn. Figure 28 itlustrates

the response to 1..o l.-rg,/k-g, of adrenal"ine in ân open-chest animal whose

at,rial rate was regulated at LZQ/nLnute" The bigeminy began 5 seconds

after completÍon e¡f the injection. The arterial pressure had risen frorn

135/110 ta 27O/L8ä mm. Hg"

The bigerni"nal rhythm began and terninated abruptly in most ex*

periments. Isolated ventricular beats ( "coupling") were observed before

the development of sustained bigeminy in some cases" Multifocal rhythms

preceded or fol-lowed the bigeminal rhythm if the dose of adrenaline em*

ployed was incre¿sed" A "pure" kligeminal rhythrn could be produced in

these cåses by decreasing the dose of adrenaline.

The coupling interval has been defined as the tine between the

R u¡ave of the nor:mal and ühat of the abnormal complex, At an atrial rate

of 17O/minute (353 nsec. interval) the coupling interval varied between

196 and 332 msec. in different bigeminal rhythms; similar variability was

noted at other atrial rates. The coupling intervals observed aft,er any

one Ínjection were remarkably constant, varying by no more than tlg *".".

after the first 2 or 3 coupled l¡eats, which usually had a somewhat longer

Ínterval and a dif,ferent configuration (Figure 2).

when the couplíng intervsr is relatively long, the upstroke of

the P-wave of the repJ"aced normal loeat is sometimes observed before the

heginning of the abnormal complex. Flgure 3 illustrates a deflection

which preceded the T wave of the abnormal beat. This deflection probably

represents a P-wave arising through re'trograde conduction of the bigemi-

nal beat to the a'tria, Atrial deflections corresponding to this wâve

and identieal in contour to those assocÍ,ated with the P*wave of the sinus
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the constant interval of the bigeminal rhythm after the first two or
three coupled beats.
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Figure 3' Right atrial pressure recorded in open-chest dog during adrenaline-induced
bigeminal rhythm. Systemic and atrial pressures expressed in mm. Hg. Upright
deflection preceding T-wave of abnormal beat corresponds to B. The intervals between
B and deflections in right atrial pressure tracing corresponding to p-waves of sinus
beats (designated A and C) are not equal (448 and,484 msec."respectively).
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beat may be observed in the right atrial pressure tracing.

The QRS complexes of the abnorrnal beats were identical or ex-

tremely similar throughout a gfven response ln approximately 80 percent

of injections. Some variation in the appearance of the abnormal QRS

complexes was noted in the remaining injections. Such varÍations usually

were associated with changes in the coupling interval. However, the

coupling interval corresponding to each configuration renained constant.

Some of the variations in the fixed-interval bigerniny are illustrated in

Figure 4. Figure 4A shows an unusual alternation of two types of coupled

beats, each with a characteristic couplÍng interval (285 and 350 msec.

respectively). Figure 4B itlustrates â very rare arrhythmia during

which the configuratlon of the abnormal QRS changed without a signifi-

cant change in the coupling interval of 240 nsec. It must be emphasized

that Figure 4 illustrates relatively unco¡nmon types of bigeminal rhythm,

The typical fixed-intervaÌ bigeminy is that shown in Figures 2 and 5.

2, Effects of Other Sympathoninetic Amines

Phenylephri.ne, a pressor amine whlch has been shown to induce

rnultifocaL ventricular tachycardia when large doses are administered to

sensltized preparations (14,59), produced a fixed-interval bigerniny in

each of 4 dogs tested when inJected intravenously ln doses of 25-50 Vg,/

kg. The bigeminal rhythm was associated with a nultifocal ventricular

rhythm when dose" grà"t*" than 40 $g,/xg, were employed. Methoxamlne, â

pressor amine with mlnimal or no direct cardiac action (88,89), caused

bigeminy in only I of 6 dogs when injected in a dose of 0.8 mg./kg,, in

spite of the prolonged pressor effect which was always at least equal to

that produced by doses of adrenallne causing bigeniny.
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Figure 4. Unusual types of complex coupled rhythms. A. Rscord
begins 2I seconds after completion of injection of O.5 !re./kg of
ad¡:enaline. Note alternâtion ln configuration of the abnormal com-
plexes, correlated with 2 different coupling intervals. B. Record
from different dog, The coupling intervals, varyÍng from 232 to 244
msec. , aîe not correlated with the altered appearance of the abnornal
QRS complex.
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Ïs*¡:rÖtereneiJ", a depnessor a¡nine wÍth strong cnrdiac aetions

whicÏ: has Ì:¡een ghelwn tç¡ s:slu13€l mul"bi.,;flccal ventrieu¡Tar ar:i:lrytT:rnias v;hen

gi'i;en Í-n 3"w:rg* d*sæs Lo sensj"t.i"aecl prepms'ntår:rrs (43,4f3,{5Su6?} elid not in-,

duee bigemåny ín" dûses c¡f, ü.6 tú 6ü pg"llcg. in ? dogs (r? injections)"

Û" 5*4" û ¡rg",/I*.g, of isopnotærenc)"1- ¿gexrex'aJ"3"y proeÌuceel a ,så.nus *mehyeardiau

aJ"though a fev¡ ventríeulsr beats w*re oÏ:serve*cl in thås rtöffie r&nËe, 1"L*

though ã srrimr:Is devoloped vcnt¡"isr¿lnr fi.bri-l"il.ætåe¡n in resp*nsæ 'to $

l"Lg./kÆ", th* usual resls$nsë to Ï:tghen dosem of imeipr*terenoL wås & vent*

rieul,ar or" nq¡eåaÏ tnel:yeard:i"æ"

3. The Rol"e of Ferei of Autcmatlef tr¡ in the produation of Bteemi"nal

,sþr,tåKs_

Tlre Ïorrg enmpensatory fJâu#e after the abnormæ]" bewt makes it

tmpr*baÏ:Le t'hat an ineåepændænt v*ntrieuåsr focus sf *uteim*ticiüy i"s in*

volved Ín the genesås clf bigemivrm} r"hythm. A fe¡cus dfscharging at a

rate equnl to or græater than tl:e månr.ès rnte would he expected te¡ cïÍs*

chnrge duríng thts pause" ûne e¡f the more pteusih]"e mechan1sms of, bi*
geminn.L rhythm due to ectopie: fosus formgtion wq¡ul"d ÍnvoLve æ parasyst<lÏ*

Íe ventrieulac" fweus" Aacorcåtng to thi.s eoncepb ther* exi"st two indepen*

dent pn*emake::g, th<+ sfnoæuricuLar nçde and än auto¡rornous âren in tl:æ

vepntriel-e, eËlch of v¡hich dåscharges æt lts own rate. To expJ-ain & cÕn-
.

stnntly*ccu"plcd lrigemi"reæT rFrythm. mn this T¡asåso the foeus woul"d have to

di-schetrge rl't; m freelu*nÇy preci.eelJ"y erne hal-f, that e¡f the sinug rai;e, and

would hæve te¡ h* prertecfoæel frelm the preceding sinus bent lry an "entry

b.L,ock". Tltrre in*erval. t¡etrveen the two nbnormal cmmplexes woul"d represent

tÌ:¡e rate of fåriing of, tlre pærasyøto.tr-ie fçcum,
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Figure 5 illustrates results which make ectopic focus fornation

an untenable explanation for the production of bigeminy. rn these ex-

periments bigeminal rhythm was induced by adrenaline both in the normally

beating and in the driven heart. The atrial drive was stopped abruptly

in Figure 54, and in Figure 5B the dri-ve r,vas started suddenly. The

change in heart rate had no effect on the coupling interval, arthough

the duration of the compensatory pause after the abnormal systole was

changed considerably. This constancy of the coupllng interval with sud-

den alterations in the heart rate was a constant finding in all of the

open-chest animals in which these manoeuvers were atternpted"

4. Effect of Arterial Btood Pressure and of Heart Rate on the In-

duction of BiEeminv

The bigeminal rhythm produced by adrenaline usually occurred

near the end of the sixty-second injectlon and not at the time the drug

would be expected to reach the heart. There was an increase in the

blood pressure and usually a tachycardia at the time of onset of the

arrhythmia. The means and standard deviations of the control systolic

and diastolic pressures were 135 t zg an¿ ll0 t 25 respectively" The

corresponding varues at the point bigeminy was induced were rgs 1 +o

and 150 ! ZS. The minirnal pressor response in animals showing a bigen-

inal rhythm in response to adrenaline was 20 nm, Hg. The rate of the

undriven heart increased by a mean of 20 beats,/minute, although in 40

percent of injections there was no increase in the heart rate at the

time the bigeminal rhythm began.

Because adrenaline*induced bigeminy was associated with a

considerable rise in the blood pressure, and because only pressor
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Figure 5. Lack of effect of changes in atrial rate on the coupling in-
terval in two different dogs. A. Bigeminal rhythm with coupling inter-
val of 26O nsec. during atrial drive of I87 beats,/min. , as indicated by
the stimulus artefact. The coupling lnterval is unchanged when the
atrial drive is stopped, changing the rate to L \/mLn. B. Rate prlor
to atrial stimulation ls 171 beats/min, with a coupling interval of 24O
to 244 msec. The coupling interval is unchanged by atrial stlmulation
at a rate of 208 beats,/min.
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âmj"nes with direct cardiac actions caused thÍs irregularity, it appeared

probable that the bigeminy was câusaI1y related to the hypertension and

possihly to the tachycardia"

A fixed*interval bigeminy of long duration was induced in g of

l0 dogs by constant infuslon of adrenarine in doses of 0.06 to g.o ve./
leg.,/minute" This arrhythmia could be converted to a sinus rhythm by low-

ering the systemic arterial bLood pressure wÍth a pressure regulator, and

coul"d be reínduced at will. Liy again ralsing the pressure" Although the

ble¡od pressure fevel ât which bigeminy wäs induced or relnduced varied

in different experiments, it appeared to be quite constant during any

one i,nfusion of adrenaline. This blood pressure "threshold" is strik-
ingJ"y Íll"ustrated in Figure 6" The thorax had not been opened in this

animal and there was considerable rhythnnic variation of the blood pres-

sure wåth the artificial respiration. Infusion of 3,0 pC. /]xe,/nln. of

adrenaline resulted in an increase in pressure just sufficient to asso-

ciate the blgeminy with the phasic changes in arterial pressure. Bigem-

iny occurred whenever the systolic pressure reached 235 nm" Hg. and con-

version to sinus rhythm occurred when the systolic pressure decreased

bele¡w this poÍn't" Controlled alteration of the arterial pressure by

meäns of a pressure regulator had the same effect in this dog: bigeminy

appeared at a systolic pressure of 235 mm. Hg with conversion to sinus

rhythm below this pressure.

The response to further elevation of the systemic blood pres-

sure during' a bigeminal rhythm was of considerable lnterest" Multifo-

cal ven-tr"icular rhythms were produced consistently. Restoration of the

initial" pressure resulted in conversion of the rnultífocal rhythn to bi*
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Figure 6. Dependence of the bigeminal rhythm on the systenic bloodpressure. Continuous record obtained during continuous infusion of
3.0 pg. /k's./nín. of adrenaline in close-chest dog. control brood
pressure L65/L2o nm, Hg. Note dependence of bigeminy on respiratory
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gemlnal rhythn, and to sinus rhythm ãs the pressure was lowered still fur.*

ther" Ventricular fibrili,atÍon wäs never oloserved. Figure Z provides a

represen.ta'tive exampJ"e of one such experinent.

The threshold dose of adrenaline for the induetion of bigemÍny

was determined in three dogs" No changes 1n threshold were öb,served when

the atrial rate was controlled by stirnulation at a frequency of 25 to 85

beats,/ninute greater than the preinjection sinus rate,

Blood pressure and,/or heart rate also were altered without in*

jection of a syrnpathomimetic amine. Tachycardia induced l:y stimul"ation

of the atrial appendage caused trigemÍnal rhythm of short duration in

only 3 of 3l open*chest dogs" An i.ncrease ín btood pressure comparable

to that induceel by an effectÍve dose erf adrenalÍne, but achÍeved b;r

rapid infusion of a blood*dextran mixture from the pressure stabilízer,

induced bigemi"ny in only I of I tríals in three dogs" when tbis in*

creäse in bloocl pressure was comloíned with tachycardia, bigeminal rhy*

thm was induced in 6 of 14 trials in the same animals"

When the depressor response to isoproterenol was reversed by

meãns of the lJressure regulator, by constriction of the thoracic åorta,

or by prÍor infusion of 6 percent dextran in saline, L*4 Vg"/kg," of

this drug induced bigemÍny in three of six animal_s.

ö" The SÍte cf Productíon of Bigeminal and Multifocal" Ventri cular

Sþy_tÞ-ue

DreseI anel Sutter have reported that vagal stimulation at¡o1-

ished bigemÍnal rhytkrms and that muttifocal ventrícular rhythms were

changed tó h{geminar or sinus rhythms by this procedure (54) " These

changes, whieh were bl<¡cked by al,ropine, s,rere not rel"ated to the farl
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Figure 7. The effect of
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in systemic blood pressure induced by vagal stinulation. These results

have been confirned in the present investigatlon.

- Dresel and Sutter suggested that the atrioventricular node

and the bundle of His are involved in the production of bigeninal and

multifocal arrhythmias. The known antiarrhythnic properties of acetyl-

choline (41,50) and the anatomical evidence that the left circumflex cbr- *

onary artery supplies the atrioventricular node (see appendix) suggesteå'

that thelr hypothesls could be tested by injections of acetylcholine Ín-
to this artery.

Acetylcholine fn doses of 0.5-50 ¡re. was inJected lnto the main

brancheg of the reft coronary arteries of two dogs during sinus rhythm.

Complete heart block uniformly followed lnjections into the left clrcum-

flex coronary artery, but never inJections into the left anterÍor des-

cending artery. Figure 8 illustrates the responses to injection of 6 pg.

of acetylchollne lnto the two arteries. Doses of acetylcholine in ex-

cess of 10 f.tg. inJected into the circumflex artery usually were asso-

clated wlth the production of atrial arrhythmias. This is not surpris-
lng since this artery supplies the left atrium (90,91) and choline esters

!

are known to produce atrial arrhythmias (4I,g2),

Doses of 0.5-50 Pg. of acetylcholine were lnjected into elther
the left circunflex or the left anterior descending coronary arteries of

3 dogs during sustained bigeminal or muttifocal rhythns produced by in-
fusions of adrenaline. The blgemlnal rhythms were converted to sinus

rhythms by fnjection of small doses of acetylcholine into the left cir-
cunflex artery, but this effect was not observed after injection into the

left anterior descending artery. Figure 9A illustrates the response to
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Figure 8. Effect of injection of acetylcholine into the main branches
of the left coronary artery during sinus rhythn. Upper panel: Injec-
tion of 5.0 pg. of acetylcholine into the left anterior descending cor-
onary atter"y, No change in the rate or rhythm of the heart is produced
Lower panel: Injection of 5.0 pg. into the left circumflex coronary
artery produces a 3-second period of atrioventricular block with one
ttescape tt beat .
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0.5 pC' of acetylcholine injected into the two branches of tbe left cor*

onary artery during bigeminal rhythm, and FÍgure gB shows the btockade of

the response by atropine.

Intarpretatlon of the response to aeetylchol"ine iø complicated

by the Õecurrënce of transient atrioventrieular block and of l:ypotension

when ln.jeetions were made into the circumflex artery. Ffgure gA shows a

transient fall in the systemic blood pressure associatecl with conversion

to sínus rhythm. llowever, the bigeminal rhythm recurred after IB seconds

at' the lower pressure. Thus the possibility that acetylcholfne abolishes

bígemlnal rhythn by Iowerfng the blood pressure can be excluded. This

âgrees with the observatÍon of Dresel and Sutter who showed that vagal

stimulation cãn abolish such arrhythmias wlthout producing hypotension

(s¿).

When large doses of acetylchollne (20*50 þ8.) were employed,

ÍnjectÍon into the left circumflex coronary artery resulted Ín brief
periods of atrial flutter-fibrillation before conversíon of bigeminy to

sinus rhythm. Injection of large doses of acetylcholine into the left
anterior descending coronâry artety durÍng bigeminal rhythm sometimes

resulted ln conversion to sinus rhythm. This response was never immed*

iate and was assoclated with a considerable fatl in systemic blood pre6-

sure due to recirculation. At thÍs time, recircuLation also woutd be ex*

pected to result ln perfusion of the left circunflex coronary art,ery with

the drug,

InJection of acetylcholine into the left círcumflex coronary

artery during a multifocal ventricular rhythn usually resulted in a brlef
change to atrial tachycardla before appearânce of the si.nus rhythm. Lar*
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Figure 9. Fffect of injection of acetylcholine into left coronary artery during bigeminal rhythm.
A. Upper panel: 0.5 ug.of acetylcholine into left anterior descending coronary artery. Lower
panel: same dose into left circumflex coronary artery. l0 seconds o1 sinus rhythm have been
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artery following treatment with 2.0 mg. /kg. of atropine.
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ger doses of aoetylcholine were requÍred to produce conversion of a mul-

tifocar rhythn than of a bigeminar rhythm. The response to 10 ¡rg. of

acetylcholine inJected into the circumflex artery is illustrated in Fig*

ure 10. Iniectlqns lnto the anterior descending cÕronäry årtery were not

effective in abolishíng multifocal arrhythmias.

6, Effect of Agents Btockine the Cardiac Actions of Adrenaline

a. Dichlorolsoproterenol

Dresel has shown that dichleiroisoproterenol (DCI) is a very

potent antagonfst of ectopic pacemaker Índuction by adrenallne Ín bar*

biturate anaesthetized dogs (93). Moran e! ?1. have reported that

adrenaline*lnduced arrhythmlas ln unanaesthetized dogs wÍth surgically*

produced myocardial infarctions are minimized by administration of large

doses of DCI (94). This agent, also will prevent or minimize the multi-

focal vent,ricular arrhythmias produced by noradrenaline in the presënce

of cyclopropane (95) or of electrical stimulation of the ventrÍcle (96).

Consequently, it was of interest to compare the effect of this blocking

agent on the naJor arrhythmias (ventrlcular tachycardia and ventricular

fibrillatlon) and on bigeniny Índuced by adrenaline in the sensitized

preparation.

The threshotd for bigeminal rhythn was determined before and

30 minutes after the intravenous admínistratÍon of DCI. A dose of 4.0

nS./kS, of DCI was used most commonly because this appeared to be close

to the Iargest dose with whlch blocking specificity is retained without

nonspecific cardiac depresslon (97). The effect of a dose of adrenaline

(2O ¡rg. /lgi9,), which caused ffbrillatfon in most unprotected anlmaLs, wâs

observed subsequently. Representative records fron I of 5 such experi-
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ments are shown in Flgure 11, which also illustrates the expected sinus

tachycardia due to the intrinsic synpathomimetic activity of the block-

ing agent. It is evident that the threshold for bigeminy was unchanged

by 4.0 ng./kg. of DCI, whereas tbe major arrhythmia expected in response

to the larger dose of adrenaline was prevented, bigeminy of tong dura-

tion being the only abnormal rhythn produced. The threshold for bigem-

iny was unaltered in 3 of 5 dogs and was cibunte¿ in the remaining two

anlmals. Ventricular fibrillation was prevented in all aninals.

b. Nethatide (ICI 38174, AlderlinR)

Sutter and Dresel investigated the mechanism of the failure

of DCI to block consistently the bigeminal rhythm induced by minimal

doses of adrenaltne (98). They confirmed the above results and also

showed that previously ineffective mechanical elevation of the blood

pressure induced bigeminy in animals which had received DCI, but in

which there had been no change in the adrenaline threshold for bigeminy.

Sequential adninistration of methoxanine and DCI (neither of which alone

produced bigeminy) induced bÍgeminal rhythms in 7 of 8 animals. They

interpreted these results to indicate that the lntrinsic activÍty of DCI

was involved ln the failure to block bigeminal rhythm, The evidence pre-

sented in subsections 2 and 4 above suggested that a sympathomimetic with

cardlac actions and an increase in the systemic blood pressure were re-

quired for the induction of bigenlny. Sutter and Dresel suggested that

adrenaline provided the increase in blood pressure through peripheral

vasoconstrictlon, and DCf the cardiac sympathonirnetic action through its

intrinslc actlvlty.

Since an agent Ís now available which btocks the inhibitory and
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Figure 11. Effect of dichroroisoproterenol on major and minor arrhy-
thmias. A. Effect of control threshold dose of,2.0 !rg./kS. of adrena-
Iine. B. Effect of the same dose 30 minutes after 4,O ng./kg, of DCI.
C. Effect of 20 Vg./ke. of adrenaline 40 minutes after DCI.
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cârdiac actions of adrenaline but which is reputed to have little or no

intrinsic activlty (99) the experiments c¡:f Sutter and Dresel were repeat*

ed using this agent, nethalide. The results were essentially the same as

those presented for DCI. The adrenaline threshold was doubled in 2 of B

dogs, and unchanged in the remaining dog after 5 mg./kg" of netharide"

Bigeminal rhythms were produced in the two dogs Ín which larger doses

crf adrenarine were glven (16 and 2o çtg,./kg. respecti.very), In the one

dog in which Ít was attempted, mechanical elevation of the blood pressure

did not cause an arrhythrnia after nethalide, nor díd injection of O.S mg./

kg. of methoxamine.

The failure of nethalide to prevent the bigerninal rhythm was

unexpected, although the results with methoxamine and pressure changes

are in full agreement with the interpretation of the DCI effect advanced

by Sutter and Dresel. However, in the case of nethalide, the blc¡ckade

wÍth 5 mg./lng, is not complete since adrenaline in doses af. z-4 vE,./kg"

still produces a 15-20 beat,/ninute increase in the heart rate of the

vagotomized animal. It Ís therefore possÍble that adrenaline still exer-

ted enough effect on the heart to produce bÍgeminy but not enough to pro*

duce maJor arrhythmias. Larger doses of nethatide were not used in

these experiments because of the rÍsk of non*specific cardiac depression"

7. Ç}¡4qgeF Ífr fhe Pulse Waye Assoc-i.ated with BigemÍnal Fhythgr

The pulse deflcits seen in Figures 2 and 3 were associated with

the bigeninal rhythm in all but two experiments. The pulse wave corres*

ponding to the abnormal beat was absent in most experiments, hut pulsus

al.ternans was observed occasionall"y, The magnitude of the pulse deficit
did not âppear to be related to the length of the coupting interval.
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White no attempt has been made to investigate the mechsnism of

the assoclated pulse deficit, certain pert,inent ob,servations rJerÐ m&de,

The apparent rate of ventricular contraction &s Judged r¡isua}.l-y in the

open-chest animal durlng bigeminal rhythm is one*,hatf the electrÍcal

rate. The ventricles do not contracte or â'u t,east do not eerntrset fu;-lyo

during the bfgeminal beats. Figure 12 shows a bigeminal rhytìrrn which

followed the injection of 2,o ¡tg,/l<g, of adrenaline" The hearù rate Ís
only Lzo/mlnute and the coupling intervat of 452 msee. is unusual.J"y tong.

Although this coupling fnterval shoutd at-[ow ample time for diasîolic
ventrlcular fÍ111ng, the pulse deficit is complete"

Pressures were recorded within the ventrÍcular chambers and

f,rom the pulmonary artery by neans of large bore needles inserted through

the walls of these structures. This allowed recc¡rding of j.n¡ral-umennl

pressuïes without producing valvular incompetence" Figure IBA shows the

systemlc blood pressure, the electrocardiogram, and the right and le.ft
ventrleulår pressures before and 60 seconds after beginnÍng infusion of
2.0 pg. /kg,/ntn. of adrenaline. Bigeminal rhythm is associated with a

complete deficit in the systemic pulse w&ve, a virtual-Ly eeimplete def,icit
in the reft ventrlcular pressure tracing, and a pul.sus al.ter:nans in the

rtght ventricular tracing. The arrhythmin ill-ustra.bed in FÍ.gure IBB be-

gan 24 seconds after the beginning of infusion of O,B $g" /kg"/nin" of

adrenaline and shows a pulsus alternans in the rÍght ventricle and pulm'n*

ary artery, and a comprete pulse deficit in the systemi.c system" whil"e

these resurts support the thesis that there is a derangement erf the

mechanical contraction of the ventricles during the bigeminal beat, it
is possibLe that diastotic filling also may be compromised when the coup*

ling interval is short.
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C. DISCUSSION

Although many experirnental techniques äre available for the

production of arrhythmias ig y¡vo, most have the disadvantage that the

types of arrhythnia produced are not predÍctable and do not lend them-

selves well to experlmental study. Experimental cardiologists and phys*

iologists have sought for many years to produce a model arrbythmia which

would nimic the "constantly-coup1ed" arrhythmias which are commonl-y seen

in clinical practÍce (I00).

Bigeminal rhythms have been noted in a variety of experimental

cÍrcumstances. In most cases no electrocardlograms were recorded and the

presence of bigemlnal rhythm was lnferred from the pulse contours. Few

authors comment on the coupling intervals" Allen has described a "bi-

geminal pu1se" occurring in unanaesthetized rabbits on exposure to irrÍ-

tant vapours, only some of which were sensitizing hydrocarbons (10t,1O2,

103). It is not clear fron the short electrocardlographic tracing pre*

sented whether this represents a constantly-coupled bigeminal rhythn"

Walker has described an apparently constantly-coupled bigeminal rhythm

occurring in response to intracisternal injection of potassium phos-

phates in the non-sensitized dog. In the first description of this

phenomenon, tbe bfgeninal rhythn is mentioned but other arrhythmiâs are

emphasized and illustrated (I04). In a later publication it is Ínferred

that the bigeminal rhythm is the main arrhythmia produced (fOS). The

techniques of Allen and Walker probably both evoke maximal autonomic dis*

charge.

Allen also has described a bigemina.l pulse occurring after in-

travenous adninistratlon of adrenaline to the non-sensitized rabbit (f06).
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However, it ls clear from the electrocardiogran presented in this report

that the bigeminal pulse is due to the coupling of two ventricular beats.

Several authors comment upon I'bigemínal rhythms" oceurring fn response to

sympathomimetics in dogs anaesthetized with morphine and barbiturates

(t02,108). Dresel has noted the occasional production of bigeminal rhy-

thn in dogs anaesthetized with pentobarbital (46).

The occurrence of a bigeminal rhythn has been retated to an

increase in the systemic blood pressure by several of these authors

(106,107r108). This rhythm occasionally may be induced by elevations

of the systenic blood pressure regardless of the type of anaesthetic

agent present. Thus Levy produced bigeminal rhythns by elevatÍng the

systemic blood pressure in the presence of either chloroform or ether

(ZZ¡ and Moe induced bigeminy in the heart lung preparation by increas-

ing the arterial resistance (42). Bigeminal rhythms also have been

noted in response to mephentermine in the cyclopropane-sensitized dog

(109), to pitressin both in the unanaesthetized and anaesthettzed dogs

(I10,11I) and to methoxamine in the barbiturate anaesthetized dog (L12,

tlt). These authors did not provlde electrocardiographic records nor

did they comment on the type of bigeninal rhythn or the coupling inter-

vaI. Only Ellis (ftZ,1I3) documents the frequency of occurrence of bi-

geminal rhythn. Methoxamine induced bigeniny in only 10 percent of his

experiments.

Injection of hypertonic saline, barium chloride and other

agents into the ventricular myocardium is stated occasionally to pro-

duce conËtant coupling of beats (ff+). Dresel was unable to confirm

these results using the first mentioned irritant (personal communica-
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tion) " Several authors have noted a constantly-coupled blgeminal rhythm

following infusion of the antimalarial amodiaquin (115,116,I.17), ând

Alousi documents the sensitivity of thÍs arrhythmia to the level of sys.-

temic blood pre6sure (II5). Pressure-sensitive bigeminal rhythms have

been noted by Gruber to occur for a short tírne after induction of ánaes-

thesia with thiobarbiturates (see SECTION IV).

It should be emphasized that the term "bigeminal rhythm" may be

applied to many of these arrhythmias only in the generÍc sense of indica-

ting coupling of beats" Only the amodiaquin and thiopental bigeminal rhy-

thms are khown to be constantly-coupled. With the single exception of

the amodiaquin arrhythmia, none of the procedures appears to provide an

arrhythmia of sufficient stability and reproducibility for experimental

study.

There are few notations of a bigeminal rhythm occurring during

cyclopropane ânaesthesÍa. Johnstone has noted a 90 percent incidence of

bigeminal rhythn in patients anaesthetized with cyclopropâne after thio-

pental premedication (118)" This occurred onXy when hypoxia wås allowed

to develop. The release of endogenous catecholanines and the Íncreased

sympathetic tone in this situation makes this observation a clinical

counterpart of the experiments descrÍkled in this report"

The cyclopropane-adrenaline preparation has been employed since

1937 in the study of major cardiac arrhythmias" During this time, little

or ¡lo attention has been given to the ninlmal effects produced by snall

doses of adrenatine" Moe et al. , in tl¡e course of an investigation on

the effects of arterial pressure on the major ventricular arrhythmias,

reported a bigerninal rhythrn following the rapid injection of O" á t-te"/]Ke,
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of adrenaline in a dog anaesthetized with cyclopropane (47). It ap-

pears from their illustration that this bigeniny had a constant coupl-

ing interval. Greishelmer et al. employed a similar technique of in-

Jection and commented that "the commonest irregularity noted after epi-

nephrine was a bigemÍnal rhythm" (ffo¡. However, their illustrations

show "coupling" of beats rather than a sustained bigeminal rhythm.

Detêrling et g!. illustrate an apparently constantly-coupled bigeminal

rhythn followlng infusion of noradrenaline at 0.5 pg, /ke,/mLn, (120).

All three groups of authors enployed cyclopropane concentrations similar

to those employed in this study and routinely used thlopental for pre-

medication. The above appeâr to be the only notatÍons of bigeminal rhy-

thn following small doses of adrenaline or noradrenaline, although there

are references to bigeminal rhythm followlng Iarger doses of adrenaline,

usually during recovery from multifocal ventricular tachycardla (49,69).

The failure to appreciate the frequency with which bigeminal

rhythms occur ln cyclopropane-anaesthetized dogs nay be attributed to

differences ln technique. The response to a given dose of adrenallne

depends Ín large measure upon the rate at which the dose is delivered

to the heart. Most authors reporting on administration of small doses

of adrenaline have given the drug over a few seconds. Those employing

longer periods of inJection usually have followed Meek's protocol (stan-

dard dose of l0 $e./k'S.) (ff). The technique employed in the current

study of administerÍng small doses of adrenaline over a sixty-second

period appears to be unique.

Spontaneous arrhythmias under cyclopropane \ryere not observed

in the present study. This probably is referable in part to the use of
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a relatively low concentration of cyclopropane. Since the incidence of

spontaneous arrhythmias under cyclopropane is related to the concentra-

tion employed (11) , the use of a low concentration would minÍmize the

occurrence of such arrhythnias. Possibly of more importance is the fact

that cyclopropane was delivered to the animal by means of a respiration

pump. The explosive risk inherent in this procedure was accepted to en-

sure that the aninal would be ventilated adequately. It appears unlikely

that hypoxia or hypercarbia could exj.st under the conditions of these ex-

periments. Neither condltion was present on a few occasÍons when partial

pressures of arterial oxygen and carbon dioxide were measured. The fact

that the threshold dose of adrenaline for the production of bigeminal

rhythm was remarkably reproducibl-e in the present investigatlon is pro-

bably a reflection of the stability of the preparations and indicates

that extraneous factors were not operative.

The presence of a sympathomimetic amine with cardiac actions

appears to be necessary for the developnent of bigeninal rhythm. Meth-

oxamine, which has little or no cardiac activity, produced approximate-

ly the same incidence of bigeniny in the sensitLzed preparation as ElIis

reported in the nonsensitized preparation (approxinately 10 percent) (I12,

11"3). These results are consonant with tbose of several authors (59,88,

L21) who have reported methoxamine not to produce major arrhythmias in

the sensitizød preparation.

The development of bigemÍna1 rhythm is also dependent upon an

increase in the systenic blood pressure. Isoproterenol, which has strong

cardiac actions, but whÍch Iacks vasoconstrictor actÍvity, caused bigemi-

nal rhythm only when the depressor response was reversed mechanically.
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The finding of a systolic pressure threshold for induction of bigeminy

supports the conclusion previously reached fn connection with the najor

arrhythmias that it 1s the blood pressure leve1 reached rather than tbe

extent of the pressure rise which is decisive in the induction of arrlry-

thmias (48). It was of considerable lnterest to note that lf the blood

pressure was elevated mechanically during a bigenlnal rhythm, multifo-

cal ventricular rbythns were produced whlch could be changed to bigeni-

nal rhythm by restorlng the initial pressure, or converted to sinus rhy-

thm by lowering the pressure still further. However, Dresel and Sutter

bave pointed out that ventricular fibrillation is never produced by

mechanical increases.in pressure although systolic pressures as great as

46O mn. Hg were obtained (54). In this context it is lnteresttng that

Moe et al. have reported that increasing the arterial resistance of the

cyclopropane-sensitlzed heart lung preparation during injection of ad-

renaline produces ventricular tachycardia but not ventricular fibrilla-

tion (47) 
"

ft also has been demonstrated that vagal stimulation does not

alter the threshotd dose of adrenaline required for ventricular fibrilla-

tion, but will abolish adrenaline-induced bigeminal rhythms and produce

conversion of multifocal ventricular rhythms to bigeminaL or sinus rhy-

thms (54). The latter changes, which were blocked by atropine, were not

related to the fall in systemic blood pressure induced by vagal stimula-

tlon. These investigations suggest a basic slnílarity between adrenallne-

induced bigemfnal and multifocal rhythms and tend to disocciate these

rhythms from ventrlcular fibrillation. On the basfs of these results

Dresel and Sutter suggested that bigeminal and multifocal ventrÍcular
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rhythms arise in a supraventricular locus and sought to irnplicate the

atrioventricular node or the bundle of His 1n the genesis of these arrhy-

thmias (ä4).

There fs excellent anatornlcal and pharmacological evidence that

the atrioventricular node derives its blood supply from the left circum-

flex coronary artery (see Appendlx I). Conversion of adrenaline-induced

ventricular arrhythmias in the sensitized preparatlon by parenteraL in-

jection of chollne esters has been reported previously (4Lr92). Acetyl-

chollne has been demonstrated Ín the present investigation to aboLish

adrenaline-induced bÍgeninal and multifocal arrhythrnias when injected

into the left circumflex coronary artery but not when injected into the

left anterior descending coronary artery. Thls finding strongly supports

the thesis that the region of the atrioventricular node is involved in

the genesis of these arrhythmias.

There is strong evidence that the bigeminal rhythurs produced

by adrenaline are not due to the induction of a focus of automaticity in

the ventricle. A ventricular focus discharging at a rate equal to or

greater than the sinus rate would be expected to activate the t¡eart dur-

ing the long cornpênsatory pause whieh foLlows the bigeninal beat., A,,.

parasystolic focus of automaticity discharging at a slower raÖe coùId

produce a bigeninal rhythn, but the rate of discharge of such a focus

would have to be exactly one half the sinus rate for constant coupling

to occur. Any change in the sinus rate would alter, this temporal rela-

tionship and produce a change in the coupling interval. The changes in

heart rate produced by stopplng and starting atrial drive, and lllustra-

ted ln Figure 5, were of sufficient magnitude to cause major changes in
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the coupling interval were thls mechanism involved.

Scherf and Schott (L22) have attempted to reconcile autornati-

city with dependency on supraventricular beats by suggesting that oscil-

latory afterpotentlals are produced in an area or cel1 in the ventricle

by the norrnal impulse, ând that activation of the nyocardium occurs when

the potentials reach a critj.cal level. Coupl.ing wbich remains fixed in

spite of changes in atrlal rate could be explained on this basis. Oscil-

lating potentials have never been observed in the region of the atrioven-

tricular node but have been confirmed by microelectrode studies of iso-

Iated ventricular myocardium exposed to aconitlne (123). It should be

noted that the arrhythmia induced by subepicardial injection of aconi-

tine is a monofocal ventrlcular tachyôardia which is not dependent on

supraventricular beats and which usually leads to ventricuLar fibrilla-

tion (100). Vaga1 stimulation makes this arrhythrnÍa more severe by de-

pressing supraventricular centres (L00).

Although no direct evidence can be advanced to explaln the

mechanism of bigeninal rhythn, the development of a reentry type of

conduction defect occurring in the region of the atrioventricular node

seems an attractive hypothesis. The naln argument against a reentry

mechanism has been the long period which such a beat would have to be

delayed for such a hypothesis to be feasible. Such an argunnent be-

comes less compelling with the recent measurements of conduction veloci-

ties on the order of 0.O2-0.05 metres/sec. Ín the superior portion of

the atrioventricular node (L24,125) and of the renewed interest in the

concept of decremental conduction in cardiac tÍssue in general ( L24) ,

An additlonal valid argument against reentry occurring in the node or
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mâin bundle is the assumption that a beat "originating" above the

branches should have the same QRS configuration as a sinus beat.

bundle

Houever,

traumâdirect irritation of the

to areas below the bundle

QRS complexes (l-26),

atrioventricular node, in the absence

of His, has been reported to produce

of

abnormal

D. SUMMARY

Small doses of adrenaline (0. L-z"O lr9, /k'C. ) iniected over 60

seconds into thiopental-cyclopropane anaesthetized dogs produce bigemi-

nal rhythms characterized by an exceptionally constant Ínterval between

the coupled beats. Phenylephrine also câuses this arrhythmia but methox*

amine does so only rarely. Isoproterenol does not produce the response

unless the depressor response is reversed mechanically" An elevation in

systolic pressure is required for the appearance of bigeniny, but the

arrhythnia can be elicited consistently only in the presence of both an

increase in pressure and a sympathomimetic amine with cardiac stimulant

action" A parasystolic focus of automaticity has been excluded in the

genesÍs of the abnormal" ventricular beat by demonstrating the constancy

of the coupling interval despi.te sudden changes in the atrial- rate"

Circumstantial evj-dence indicates that bígeminal and multifocal ventri*

cular rhythms may be produced by similar mechanisms, and that the locus

of production of these arrhythnias prohatrly is in the region of the at*

rioventricular node.



SECTION IV

THE ROLE OF THI OPENTAL IN CYCLOPROPANE-ADREN ALINE ARRHYTHMIAS
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A. INTRODUCTION

CycLopropane was employed for both inductlon and maintenance

of anaestbesia in the basic investigations of Meek et aI. on sensiti-za-

tion to adrenaline by cyclopropane (11, 14-18). Sfnce this tlme, how-

ever, it hâs become sommon laboratory practice to employ thiopental for

inductlon of anaesthesia in the study of cyclopropane-adrenaline arrhy-

thmias. Although textbooks of pharmacology speak of the smooth and

rapid inductlon of anaesthesia with cyclopropane, a well*marked excite*

nent stage occurs in the untrained animal. Thiopental has the very

definite advantage of preventing this stage with its accompanying endo-

genous release of catecholamines. Most authors assume that the duration

of its cardiac effects would be equal to that of the anaesthetic effect.

Irnplicit in the use of thlopental is the assumption that it does not

alter the response to adrenaline under cyclopropane anaesthesla.

Thlopental itself has been reported to produee cardiac arry-

thmias. Gruber (tZZ¡ and Gruber e! 4å. (I28) have reported that 20 ne,/

kg. of thiopental sodium produÇes a bigeminal rhythm in lightly ether-

ized or decerebrate cats, dogs and rabbits" Their lllustratic¡ns índi*

cate this is a constantly^coupled rhythm, ånd the blood pressure re-

cords, obtained with a mercury manometer, indicate a slowÍng of the

pulse. Gruber recognÍzed that the pulse tracing probably reflected a

pulse deficlt due to bigerninal rhythm (L27). Gruber gg 3!" produced

the arrhythmÍa with 34 of 41 injections of thiopental in dogs. Bfgemí-

nal rhythm was induced in the remaining 7 by occtusion of the conmon

carotÍd arteries (f28), This manoeuver became progressively i.ess effec-

tive as the anaesthesÍa l"ightened, and arrhythmias could not be pro-
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voked when the animals showed signs of wakening (r29). productlon of

the arrhythmia appeared to be associated with a slow rise in blood

pressure produced by thiopental, and the bigeminar rhythm could be

abolished by depressor agents such as acetyrcholine" histamine, quin-

idine and nitrates, or by haemorrhage (l2g), Although the arrhythmia

could be produced in vagotomized or atropinized animals, vagal stimu-

lation was stated both to induce bigeminal rhythm and to abolish an ex-

isting bigeminy (L27,128). The latter phenomenon, which was brocked by

atropine' was attributed to the concomitant falI in blood pressure. The

arrhythnia also was abolished by adrenaline" It is not clear whetber

the adrenarine experiments were performed on vagotomlzed dogs, nor is
it certain whether conversion to sinus rhythrn occurred during the pres-

sor response or during a subsequent depressor response.

Several authors have confirmed the observation that adrninistra-

tion of thiopental rnay produce arrhythmias which are usually of a bigemi-

na1 nature (130-134) although others have reported their absence (1S5-

141) or an incidence of arrhythmias of }ess than 10 percent (L4z),

Gruber's group described a latent period of several minutes

after adninistration of the thiobarblturate before arrhythrnia developed,

They alnost consistently noted some elevatlon of the blood pressure dur-
ing this interval. rt is difficutt to understand how thiopentar pro-

duces thÍs pressor response. Several investigations on the effect of

thiopentar on the dog heart-lung preparation agree that thiopental

causes an increase in right atrial pressure, a decrease in cardÍac out-
putr and a diminished cardiac reserve (30rI4O,L4Z). lnterpretation of

results in intact animals is complicated by the use of other agents to
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maintain basat anaesthesia. such studies indicate, however, that acute

administration of thiopental results in decreased ventrlcular contrac-
tile force, stroke volume, and cardiac output (132,143_145). Cotten et
al' have reported a sright decrease in the contractlle force of the nyo-
cardium on administration of 20 rr.c,/?.c. of thiopental to unanaestbetized

dogs (r39). Gruber hinself has observed cardiac diratation and a de-
crease in the force of contraction (LZ7). These data suggest that the
hypertensive response of thiopentar nay be a peripherar effect. srnce
thiopentar is a respiratory depressant, the pressor response nay have

been a consequence of increased vasomotor tone produced by hypoxia or
hypercarbi a.

Gruber did not give artifisiar respiration to the dogs emproy-

ed in his experinents. He comments in his first publicatlon that blgem:-

iny was produced regularly in cats and rabbits breathing spontaneousry,

but occurred rarely under artificial respiration ( LZ7). Bigeminal rhy_
thm was not produced by thiopentar in monkeys unress they were premedi_

cated with relativety large doses of morphine (2.5_5.0 nrl./r<g,) (LZI).
without exceptionr those authors corroborating Gruber's results also
did not provide artificial respiration (f30_I34), while those reporting
minimal or no arrhythmias under thiopentar ensured adequate purmonary

ventilation ( 135-f42) .

Woods et al. reported that arrhythrnias similar to those des-
cribed by Gruber were produced in animars breathing spontaneousry, but
were produced onry terninalry when the animals were in "almost complete
peripheral vascurar failure" if artificiar resplratfon was given (140).

Johnstone found that no arrhythrnias were produc,ed by thiopental in welr-
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ventilated patients, but that blgeminal rhythms could be produced by

exclusion of the carbon dioxide absorber from the system, and abolished

agâin by reintroducing the soda line (141). It seems probabte, there-

fore, that the "spontaneous" bigeminal rhythm occurring after admfnistra-

tion of thiopental is related to Ínadequacy of pulrnonary ventilation and

probably to carbon dioxide retention.

It is probable that animals subjected to respiratory depres-

sants are in a more physiological state when artificial respiration 1s

used than when they are breathing spontaneously. Arr experiments re-

ported in SECTION III were performed on animals ventilated with a pump

supplying an excess of oxygen and connected to a carbon dioxide absorb-

er" Arterial blood gases were within normal limits on the few occa-

sions that they were measured, Nevertheless, it was thought necessary

to determine whether thiopental influenced cyclopropane-adrenaline

arrhythmias under the conditions of these experiments.

B. RESULTS

1. Arrhythmias OccurrÍ nE in DoE s Anaesthetized with Thiopental

a. Experiments in Intact Doss

i. Spontaneous arrhythnias

Eight dogs receiving 20 mS"/kg, of thiopental were

subjected to imrnediate tracheostomy; artificlal respiratlon was ini-

tiated within 2 minutes of induction of anaesthesia" Observation of the

electrocardiogram was begun before induction of anaesthesia and was con-

tlnued until the animals showed slgns of wakening" No spontaneous arrhy-

thmias were observed"
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ii. Adrenaline-induced arrhythmi as

Seven dogs were anaesthetized with ZO mg./kg, of

thiopental. Artificial respiration was lnstituted, bilateral vagotomy

performed, and the animals chalrenged with 4.o vg./kg. of adrenaline

within 5 minutes of the administration of the thiobarbiturate. Doses

of I and 16 t-¿s./ks. were given at lo-mlnute intervals if the initial
dose produced no arrhythmias; if arrhythmias were induced, the dose was

decreased to I or 2 ptg,/kg.

Adrenarine produced bigeminal rhythn in onry 2 of 7 animars

at doses of 2,O tte./lxg, or less i 4,O pC,/kC,. \4,as effective in one addi_

tional animal. Bigeminal rhythm courd be produced with adrenarine in
these three animals for a period of 30 minutes after induction of anaes-

thesia. However, only two of the animals contÍnued to show arrhylhrnias

in response to adrenarine after a second injection af 20 mg./kg. of
thiopental. Although the duration of anaesthesia after the second dose

exceeded 75 minutes, bigeniny was unobtainable in the two animals after
25 and 50 minutes respectively although the dose of adrenaline was in-
creased. The remaining animals showed no arrhythmias even at the larg-
est dose of adrenaline employed, arthough repeated injections of thio-
pental to cumuratlve doses as high as g0 mg./kg" were administered over

90-f8O minutes.

The systolic pressure at which bigeminal rhythm was induced

in the 3 animals showing thÍs arrhythnia following adrenalÍne was quite
characteristic for each animal (IgO,2O0 and 290 nm" Hg" respectivety)"
The remaining 4 dogs showed systorÍc pressures ranging from 1g0 to B0õ

mm' Hg. in response to similar doses of adrenaline" The systemic blood
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TABLE I

SYSTEMIC BLOOD PRESSURES AND HEART RATES IN CYCLOPROPANE-
AND THIOPENTAL -CYCLOPROPANE -ANAESTHETTZED DOGS

SYSTOLIC BLOOD PRESSURE

DIASTOLIC BLOOD PRESSURE

HEART RATE

CYCLOPROPANE THIOPENTAL-CYCLOPROPANE

rso t so

+r25 25

+180 40

r+o t zo

rrs t zo

+t<
L45 : 25

*
P < .OOI

TABLE I I

ARRH]THMIAS PRODUCED BY ADRENALINE IN CYCLOPROPANE-
ANAESTHETIZED DOGS

Dose
Its. ,/kg.

I solated
sinus nodar or Bigeminy t uuttifocat Ventricurar

tachycardia ventricular murtifocar ventricular fibrilration

2.O

4"0

8.0

16.0

7 /Lo

5/to

3/e

L/ø

L/LO

2/LO

2/8

L/ø

2/LO

2/LO

3/8

L/6

L/t,o

2/6 L/6



strated that bigeminal rhythm rarely

pental-anaesthetized dogs. The data

that this is also the case in
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is produced by adrenaline in thio-

presented in Table II indicates

of animals remained

cyclopropane-anaestheti zed dogs.

in sinus rhythn after 4,O VS./ke,

Fu11y

of50 percent

adrenaline when thiopental was omitted. In those animals in which bi-

geminal rhythm was induced by adrenarine, the arrhythmia appeared at

pressures of 165 ! zs/t+s t zo (**un t standard deviations).

In contrast to results obtained in cyclopropane-anaesthetized

animars, 2,o Þ8,/k^g. of adrenarine will produce bigeninal rhythm and

4"0 pg',/kg. more severe ventricular rhythms in thiopental-cyclopropane*

anaesthetized dogs. Although exact quantitation is difficult because

of the phenomenon of tachyphylaxis (SECTION V), these results indicate

that thiopental greatly influences the response to adrenâline in ani-

mals anaesthetized with cyclopropane.

3" The Effect of clopropane and Thiopental Administered Sequen-

ti aII y

Since pretreatment with thiopental appeared to modify the res-

ponse to adrenal,ine in the cycloprÕpäne-sensitized animal, it was ex-

pected that administration of thiopental to animals previousJ-y anaes-

thetized with cyclopropane would have the same effect" NÍne dogs were

anaesthetized with cyclopropane and alternate large and small doses of

adrenaline were administered at l5 minute intervals to a total of 4 or

5 injections" Thiopental (20 ri.c./]xg.) was then administered intraven*

ously over 5 minutes without disconLinuing cyclopropane" Most anirnals

showed a fall in blood pressure in spite of the stow injection and two
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died within 10 minutes of cardiac failure characterized by a fall in the

systemic blood pressure, pulmonary oedema, and bradycardia which pro-

gressed to cardiac arrest. The blood pressures and heart rates of the

remaining animals returned to control values within l5 minutes after the

adrninistration of the thiobarbiturate. In contrast to animals in which

anaesthesia was induced with thiopental, there was no relative brady-

cardia when cyclopropane and thiopental were given in reverse order.

One-half hour after receiving the thiobarbiturate, the 7 dogs were

challenged with the same doses of adrenaline received during the control

period. The results are shown in Table III.

It is apparent from the data presented in Table III that the

arrhythrnias produced by a given dose of adrenaline tended to be more

severe after the addition of thiopental. A greater incidence of ventri-

cular fibrillation in response to moderate doses of adrenaline was ob-

served" An unexpected finding was the rarÍty of adrenaline-j-nduced bi-

geminal rhythm. In thiopental pretreated animals this arrhythmia can be

produced in 95 percent of animals, whereas in the present series only 2

of 7 animals dlsplayed this arrhythrnia.

One possibility for this differential response was the dev-

elopment of tachyphylaxis to the arrhythmic effects of adrenaline during

the period of approximately 150 minutes which preceded the addition of

thiopental. Three cyclopropane-anaesthetlzed dogs were maintained with

20 percent cyclopropane for I50 minutes and then challenged with a single

injection of 4,O Ve./lrl'S. of adrenaline. 20 ng,/kg" of thiopental was

then administered and 2.0 and a.O ¡t"g./k9,, of adrenaline administered

30-40 minutes later. The results are shown in Table IV" Thiopental
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appeared to lower the threshold for multifocal arrhythmias, but the ex-

pected bigeminal rhythm due to low doses of adrenaline was not observed.

The observation that 2 of L2 anlmals receiving thiopental died

an acute cardiac death suggested that fuII anaesthetic doses of this

agent might produce excessive depression of the myocardium 1n cyclopro-

pane-ânaesthetized dogs. To test this hypothesis, thlopental was ad-

mlnistered by slow intravenous infusion so that rapid redistribution of

the anaesthetic throughout the body prevented the exposure of the heart

to high lnitial blood levels.

Three cyclopropane-anaesthetlzed dogs were tested with a single

lnjection of 2,0 ttg./kg. of adrenaline. Twenty nrg,./k9,, of thiopental was

then infused intravenously over a 60-ninute period and adrenaline was re-

peated 15 minutes after the end of the infusion. None of the animals

responded with arrhythmia before thiopental. Typical blgeminal rhythn

was observed in each of the animals in response to L-2 lJg./kg, of adre-

naline after the infusion of the thiobarbiturate.

The importance of initial high blood levels of thiopental is

emphasized by experiments in which 5 mg.lirrg. of thiopental was adminis-

tered over 2 minutes to cyclopropane-anaesthetized dogs. None of these

animals had responded to 2,O $9,/kg, of adrenallne prior to thiopentat.

Three of the flve animals showed bigeminal rhythm in response to the

same dose of adrenaline after thiopental. Tbe remalnlng animals, how-

ever, did not show arrhythmias although the injection of thiopental was

repeated at 6o-ninute intervals to a cumulative dose of 20 mg" /kg,

Figure 144 illustrates the response to 2,O ¡tg./kg. of adrena-

Iíne in an animal anaesthetized with cyclopropane only. Figure I4B shows



A
200 -

20% CYCLOPROPANE 
IOO-

NO THIOPENTAL _O -

tll

B 45 M¡N AFTER 5ms/ks
THIOPENTAL I.V

t!

c 3OO MIN AFTER

TITIOPENTAL

I
ADRENALINE 2 uq/kg

Figure 14. Effect of small dose of thiopental on the response to ad-
renaline under cyclopropâne anaesthesia. A. Response to 2.O ttg,/lrg,
of adrenaline under cyclopropane anaesthesia, No arrhythmias are pro-
duced. B. Response to same dose of adrenaline 45 minutes after admin-
istration of 5 nrg./kg. of thiopental intravenously. C. Response to
same dose 30O minutes after administration of thiopental.
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TABLE IV

EFFECT OF THIOPENTAL ON THE ARRHYIHMIC RESPONSES TO ADRENALIN]i
IN CYCLOPROPANE.ANAESTHETIZED DOGS

Dog

83

84

85

Before Thiopental
Dose adrenaline

Ve. /ue.
4 o

sinus tachycardia

sinus tachycardia

isolated coupling

After Thiopental
Dose adrenaline

vc " /kc., 0 4.O

sinus tachycardia

bigemlny +
multi focal

multifocal

sinus tachycardia

sinus tachycardia

multifocal
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the response

mÍni stration

to the same dose of adrenaline 45 minutes after the ad-

of 5 mg.

obtained

/ke, of thiopental. The response illustrated in

Fi gure

st rate s

L4C, 5 hours after the injection of thiopental, demon-

the very long duration of the cardiac effect of this smaLl dose.

4, The Effects of Varlous Anaesthetics on Responses to Adrenaline

in the Spinal Dog

Six spinal dogs were employedr 4 of which were prepared for re-

versible occlusion of the descending thoracic aorta. The effects of

mechanical elevatlon of the systemic blood pressure and of injection of

2.O ¡tg./k9,, of adrenaline, either alone or in conbination, were tested

under the following conditions: t. no anaesthesfa, 2. 20 percent cyclo-

propane, 3. 20 ng./kg. thiopental, !. thiopental plus cyclopropane. It

u,as not possible to randomize the sequence of experiments because of the

persistent effect of thiopental. In half of the animals, however, con-

dltion 2 above was omitted. At least 30 minutes v/as allowed for equili-

bration with cyclopropane, and 30-45 minutes for excretion of this agent.

These times have been found by Robbins to be adequate for these purposes

(SS), Adrenaline was not administered more frequently than every 15

ninutes.

Table V summarizes the results of these experiments. 2,O Vg,/

kg. of adrenaline produced no arrhythmfas in six animals when no anaes-

thetic agent was present. Only 1 of 6 animals treated wit,h thiopental

showed bigeminy Ín response to this dose of adrenaLlne, Bigeminat rhy-

thm was produced in 2 of 3 animals when cyctopropane was the only anaes-

thetic agent present. It should be noted, holvever, that such small doses
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TABLE V

THE INCIDENCE OF BIG¡]MINAL RHYTi.IM IN RESPONSE TO ADRENALINE AND/OR
MECHANICAL ELEVATION OF THE SYSTEMTC BLOOD PRESSURE IN THE PRESENCE

oF cycLopRopANE AND/OR IIHTOPENTAL ( SPTNAL DOGS )

No
Anaesthesia Cyclopropane

Thiopental plus
Thi.opental cyclopropane

Adrenaline
2 rts. /k9,.

Pregsure
alone

Adrenaline
+ pregsurÇ

o/6

o/4

a/4

2/3

o/2

a/2

r/6

s/4

2/4

4/s

o/4
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of adrenaline usually do not produce arrhythmias in cyclopropane-anaes*

thetized dogs (see subsection 2) " z.o ¡t"g./]xg" of adrenaline produced

bigemin;r in 4 of 5 dogs when both thiopental and cyclopropane were pre-

sent. These results support the conclusion that both thiopental and

cyclopropane are required for the consistent production of bigeminal

rhythm" It is of interest that pressure alone was instrumental in

producing bigeminal rhythm only in dogs treatecl wÍth thiopental" The

failure of increases in pressure to induce the arrhythmia under thio-
pental-cyclopropane anaesthesia is in agreement with results obtained

in intact animals (see SECTION III) " The observation that mechanical

elevation of the blood pressure leads to bigeminal" rhythm more read-

ily in thiopental-treated dogs than in those treated with both thio-

pental and cyclopropsne is not easy .to explain.

Figures 1ö to 18 are representative of results obtalned in

these experiments. Alt are from the same animal under different con-

ditions" Figure ]5 irlustrates the response to z"o vs./ks" of adrena-

l"ine and to mechanical elevation of the systemic bloc¡d pressure when

no anaesthetic agent was present" No arrhythmias were produced al-

though øystemic pressures as high as iù4o/tso mm" Hg were obtained"

Figure t6 illustra'tes a trigemlnat rhythm a,t a pressure of zTb/L7-c rrrrr'.

Hg in respon.se'trs 2"o tjg,/kg" <¡f adrenaline 1n the presence of cyc).o-

pr{3päne. No ar"rhythmia v/¿as produc<-.ct when the same pressure was reached

by combining mechanieal elevation of the systemic blood pressure wÍth a

smaller dose c¡f adrenaline (l"O Ug"y'kg")"

Fi"gure I7 illusür'ates the responses in the thiopental-treated

animal " 2"O Pg"/kg" of adrenatÍne prociuced a blr:od pressure of. ITO/LAA
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blood pressure ln spinal anlmal after treatment with 20 nlg,/kC, of
thiopental. First and second panels: 2,O Ve./k'S, of adrenallne pro-
duced a blood pressure of I75/L40 mm. Hg. but no arrhythmia, although
bigeminal rhythm was obtained by increasing the pressure still further
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no further change in pressure was produced, bigeminal rhythm was in-
duced.
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run" Hg but no arrhythmías, although bigeminal rhythm could be obtained

by increasing the pressure stitl further to 275/L90 mm. Hg. A mech-

anically-induced increase in pressure in the absence of adrenaline pro-

duced the same response at approximately the same pressure. Adrenaline

appears to produce a bigeminal rhythm in this condition by virtue of its

pressor activity only.

Figure 18 illustrates that this is almost certainly not the

case when thiopental and cyclopropane are both present. 2"0 pg./lxg,

of âdrenaline produced bigeminy at â pressure of 190/l7O mm. Hg. No

arrhythmia was produced by mechanical elevation of the blood presÞure

to 2O5/L65 mm. Hg. However, bigeminal rhythm was induced with O.S Vg,/

kg" of adrenaline inJected at the time of mechanical elevation of the

blood pressure although no further increase in blood pressure occurred,

5. Loca]-ízation of the Site of Action of Thiopental

The above results indicated clearly that there was an inter-

actÍon between thÍopental and cyclopropane in the causation of the

typical cardiac arrhythmias induced by small doses of adrenaline, Pre*

vious data had indicated that the atríoventricuLar node or the upper

bundle of His were the most probable sites of origin of the bigeminal

and multifoeal ventricular rhythrns observed in thiopental*cyclopropâne-

anaesthetized animals. It seemed possible that thiopental was actÍng

in the same region.

Fourteen dogs were anaesthetized with 20 percent cyclopro-

pane in the absence of thiopental. Following preparation of the ani-

mals for lntra-coronary arterial injections, 2"O VC,/lr..g" of adrenaline
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was lnjected intravenously as control. If this dose caused any electro-

cardiographic abnornality, progressively smaller doses were tested and

one-ha1f of the nininål dose causing such abnormallty was used as a chal-

lenge dose in that animat. The challenge doses of adrenalÍne ranged from

O,5-2.0 pg./kg. in different anlmals.

2.0 mg. of thiopental (approximately one percent of the usual

intravenous dose) was inJected into either the left anterior descending

coronary artery or the left cÍrcumflex coronary artery. Approximately

5 seconds after the termination of the 5-second intra-coronary arterial

injection, the challenge dose of adrenaline was repeated, Injections of

thlopental were bracketed at 15-minute intervals by injections of 0.9

percent sodium chloride adjusted to the same pH (approxlmately LL,2>

with sodium hydroxide. The effect of injectlons of thiopental into the

coronâry arteries without sequential intravenous adrenaline also was

tested.

No arrhythmlas were produced when thiopental was injected in-

to either branch of the left coronary artery" Depression of the ST-seg-

ment of the electrocardÍogrâm commonly was seen upon injeetlon into the

Left circumflex and occasionally upon lnjection Ínto the left anterior

descending coronary artery. Snline injections occasionally produced

the same result"

InJection of thlopental into the left circumflex coronary art-

ery followed by intravenous injection of adrenallne produced a bigeminal

rhythm in each <¡f I3 animals; bÍgemÍnal rhythm followed by a multifocal

rhythm was observed ln one of the animals" Blgemlnal rhythm persisted

for t2 to 60 seconds but could be maÍntained for approxlmately 5 minutes
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if the intravenous adrenaline was continued by infusion at the same rate.

Sa1ine injections into this artery did not modify the adrenaline response;

arrhythmias were never produced.

The thlopental-adrenaline combioation produced bigeminal rhy_

thm in onLy 2 of 10 animals when thiopental was injected into the left

anterior descending coronary artery. In one of these animals, the con-

trol injections of sarine produced the same result. onry sinus tachy-

cardia was produced by adrenaline in the remaÍning I anlmals. Tab1e VI

summarizes the results of these experiments. Figure 19 iltustrates the

responses in a typical experiment, The intra-coronary artery injection

is indicated in the first segment of each panel, and the records are re-

sumed at the termination of 6o-second intravenous injections of 0,5

lJC./kg, of adrenallne. Injection of thiopental into the left circum-

flex coronary artery combinecl with intravenous adrenaline prodtrced the

typical constantl-y-coupled bigemÍnal rhythm. The characteristic pulse

deflcit is also noted.

The conbination of intra-coronary arterial thiopental and

intravenous adrenallne was nclt effective in producing arrhythmlas in

two spinal dogs. After 30 minutes of cyclopropane admintstratlon, the

combination produced bigeninat rhythm 1n both animals.

The minimal effective dose of thiopental was found to be 0.2,

20,O, and 200 ¡,rg" respectively in three cyclopropane-anaesthetized anl-

mals. The standard dose af 2,0 mg. ernployed probably was greatly in ex-

cess of that requlred in most animals, but was utjlized routinely because

of the variabil.lty noted.
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and of intravenous adrenaline produces the characteristic bigeminal
rhythn. Third panel: no arrhythmias âre produced when the hhiopental
is injected into the left anteric¡r descending coronary ärtery"
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TABLE VI

THE EFFECT OF INTRA-CORONARY ARTERIAL INJECTIONS OF THIOPENTAL ON THE
CARDIAC RHYTHI'{ WHEN COMBINED WITH INTRAVENOUS ADRENALINE IN CYCLOPRO-
PANE -ANAESTI{ETI ZED DOGS

Dog L. Anterior descendine coronarv L Circumflex coronarv

Saline SaIine Thiopental SalineSaline Thiopental

Ðt)

57

58

59

60

62

66

67

68

69

70

75

77

81

sT*

ST

ST

ST

ST

ST

ST

ST*

ST

ST

ST*

ST

ST

ST

ST

ST

ST

ST

ST

ST

bigeminy +
multifocal

bigeminy

bigeniny

bigeniny

bigeminy

bigeminy

bi geminy

bigeminy

bigeminy

bigeminy

bigeminy

bigeminy

bigeniny

sT*

ST

ST

ST

ST

ST

ST

ST

ST

ST

ST

bigeniny

ST

bigeminy

ST

ST

ST

ST

bigeminy

ST

The saline solution used for control injectlons was adjusted to pH ll.2

with sodium hydroxide.

* ST: sinus tachycardÍa
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6. Effect of Induction of Anaesthesia with Other Barblturates

The ability of thiopental to modify the response to adrenaline

suggested that other barbiturates might act in a similar manner. Four

other barbÍturates were injected in sufficient doses to induce anaesthe-

sia. These were secobarbital, amobarbital, methitural (a thiobarbltur-

ate), and pentobarbital (the oxygen analogue of thiopental). All ani-

mals were tested with a single dose of 16.O pg.,/kg. of adrenaline follow-

ing tracheostomy, bilateral vagotony and initiation of artificial respir-

ation. If arrhythmias were induced, progressive smaller doses were em-

ployed until the threshold dose of adrenaline was found. One of each

group of four dogs anaesthetized with secobarbital, amobarbital and

pentobarbital dlsplayed bigerninal rhythm in response to adrenaline (thes:

hold doses 4.0,4,O and 8,O Ve./ke, respectively). The remainÍng g dogs

shcwed only sinus tachycardia after 16,O ¡rg./kg" of adrenaline. One of

tr,.:'o dogs anaesthetized with methitural showed bigeninal rhythm at 1.0

Vg./kC, of adrenaline and the other displayed only sinus tachycardia in

response to l-6. O VS. /k'e,

After testlng the effects of adrenaline in the presence of tbe

various barbiturates, 20 percent cyclopropane was administered to each

animal and the effects of adrenaline were redeterrnined"

Secobarbital-cyclopropane anaesthetized animals showed no

arrhythrni-as in response to 2.O Vg./krg, of adrenaline. Four ¡,rg./kg.

caused blgeniny in 3 of 4 animals. Ventricular fibrillation was produced

in 3 of 4 animals by 16 ltg,/]xg.

Following administratÍon of cyclopropane to amobarbital-anaes-

thetized anlmals, bigeminy was observed in I of 4 animals after 4.O ¡tg,/
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kg. of adrenaline; 1-6.O Vg./lr-g, caused multifocal rhythm ln each of

three animals.

Two ¡nethitural-cyclopropane-anaesthetized dogs showed bigemlny

in response to 16.0 ¡tg./kg. of adrenaline. One of these animals showed

the same arrhythmia after 4.O ¡tS./k'e.

Adrenaline in a dose of 2.O Ve,/lre, caused bigeminy in I of

4 dogs in the presence of pentobarbital and cyclopropane. Isolated

ventricular beats, bigeminal rhythm and multÍfocal rhythn were each

seen in a single dog after 4.O ¡tg./lrg. of adrenaline. None of the

animals received larger doses.

It is apparent that only secobarbital approaches thiopental

in the ability to modify the response to adrenaline of the cyclopropane-

anaesthetized dog.

7, Characteristlcs of the Bigemi nal Rhvthms Produced Under Various

Experimental Condi tions

It was noted in SECTION III that the characteristlc bigeminal

rhythn observed ln thiopental-cyclopropane-anaesthetized dogs has a con-

stant coupling lnterval which is independent of sudden changes in the

atrial rate" The arrhythmla is abolished by lowering the systemic blood

pressure or by stimulatlon of the vagus. Insofar as was possible, the

bigemlnal rhythms produced under the different experimental conditlons

described in subsections 1-6 above were tested for these characteristlcs

The blgeminal rhythm occaslonally produced by adrenallne 1n

thiopental-anaesthetized dogs showed constant coupJ.ing. Stimulation of

the vagus abolished the arrhythnia in the one animal tested and rapld
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haemorrhage abolished bigeminy in each of three animals. The effect of

sudden changes in atrial rate was not determined.

The unpredictable occurrence of bigeminal rhythm Ín response

to adrenaline in cyclopropane-anaesthetized animals precluded system-

atic observations on the characteristics of the arrhythmia" This con-

stantly-coupled rhythm was abolished in 2 dogs by stimulation of the

vagus 
"

The bigeminal rhythm observed in the cyclopropane-anaesthe-

ti-zed dog when intravenous adrenaline was combined with injections of

thiopental into the Ieft circumflex coronary artery also had a constant

coupling interval which was not changed by sudden alterations in the

heart rate (9 trials in 5 dogs). Stinulation of the vagus abolj-shed

the bigeminal rhythm in each of the three dogs tested, and sudden

haemorrhage abolished the arrhythmia in the one dog in which this pro-

cedure was done.

8. Application of Roberts' "Vasus-Amlne Test" to Cycloproþane-

Anaesthetized Dogs

Roberts et al" have reported that stimulation of the vagus in

the presence of subeffective concentrations of sympathomimetic amines

produces escape beats in the nonsensitized preparation (52,ö3). Dresel

and Sutter have shown that vagal stinulation will abolish bigeminal and

multifocal arrhythmias produced by adrenaline in thiopental-cyclopropane-

anaesthetized dogs (S+¡, Preliminary observations in the present inves-

tigation indicated that ventricular arrhythmias occurring in response to

large doses of adrenaline in animals anaesthetized with cyclopropane
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alone could sometimes

combination of

ricular rhythms

to investigate

Four

tal, and 7 animals were

be abolished by

stimulation and

stimulation of the vagus, but that

vagal adrenaline sometimes produce-d vent-

in these dogs. The following experiments were performed

this in more detail.

animal s were anaesthetized with 30 mC./kg. of

anaesthetized with cyclopropane" only"

pentobarbi -

The para-

cardi acmeters of stimulation of the right vagus necessary for maximal

slowing without loss of sinus dominance was determined and utilized

throughout the course of the experiment" Adrenaline or isoproterenol

was injected intravenously over 15 seconds and the vagus was stimulated

for 15 seconds at intervals of one minute beginning 15-20 seconds after

tfie injection" The initial dose of isoproterenol was usually I.O ttg./

kg. and that of adrenaline 2"O pS,/kg. Injections of isoproterenol

were alternated with injections of adrenaline; large and small doses

of the sympathomimetics were alternated to minimize tachyphylaxis.

PerÍods of at least 15 rninutes were allowed between injections" The

smallest dose of each sympathomimetic amine which produced escâpe beats

in the presence of vagal stimulation vvas considered the threshold for

pacemaker induction.

Sympathomirnetj-c amines in the doses employed did not produce

arrhythmias in the absence of vagal stimulation in animals anaesthe-

tized with pentobarbital. However, arrhythmias were produced without

vagal stimulation in animals anaesthetized with cyclopropane" These

were of bigerninal or multrirfocal ventricuLar type. The arrhythmias pro-

duced by a I5-second injection of a given dose of adrenaline in the

cyclopropane-anaesthetized animal are more severe than those produced
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by I-ninute injections of the same dose, They approximate in severity

and duration those produced by l-minute injections of the same dose

under thiopental-cyclopropane anaesthesia. Thus, 15-second injections

of 2"0 pS./kg. of adrenaline produced bigeminal rhythm 1n 50 percent of

animals and 4.O LLg./kg" or larger doses produced multifocal ventricular

rhythm, In contrast to adrenaline, isoproterenol did not produce bÍ-

gemÍnal rhythm, and the ventrisular arrhythmias induced by this amine

lasted only 12-15 seconds before sinus dominance was reestabtished"

Stimulation of the vagus in the presence of a sympathomim-

etic amine in the presence of either cyclopropane or pentobarbital pro-

duced two types of escape beat. The first of these usually was charac-

terized by a deep S-wave and a high T-wave and by relatively Long inter-

vals between successive beats" This response, which 1s illustrated in

Figures 2OA and 20D, was identical to that illustrated by Roberts et

al" (52)" Larger doses produced the response which is illust""r*Ol

Figures 2OB and 20C" These escape beats were characterized by a rate

equal to or greater than the rate before the initiation of vagal stimu-

lation. Their configuration was that usually associated with the mono-

focal ventricular arrhythmias produced by adrenaline in the non-

sensitized preparation" Both types of escape beat were noted after

adrenaline or isoproterenol under both anaesthetics, These escape

beats are designated as Type I and Type 2 respectively in Tables VII

and VIII.

In pentobarbital-anaesthetized dogs, escape beats in response

to vagal stinulation occurred at the doses of sympathomimetic amines

indicated in Tables VII and VIII. Multifocal arrhythmias were never
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Figure 20. Effect of vagal stinulation in the presence of adrenalineunder cyclopropane anaesthesia. Stimulation pararneters: 1O volts,2o/sec. AlL records are fron the sarne animar. A. Multifocal rhytbmdue to 2.o Pg./kg. of adrenaline is converted to a supraventricularrhythn by vagal stúmulation. characteristic Type I escape beats arenoted. Arrhythnia returned when vagar stimuration was stopped. B.Multifocar rhythn due to Lz,o vs./ke. of adrenarine is changed to amonofocal rhythm (rype 2) after I seconds of vagar stimuration. oneType I escape beat 1s observed before eetablishment of a slow sinusrhythm. c. same injection as B. second period of vagal stimulation,
The multifocal rhythm had spontaneously converted to sinus. vagarstimuration induces Type 2 escape beats. D. seeond perrod of vagarstimulation following lo lte_,/Kg, of adrenatine. The first period ofvagal stlmulation had converted a multifocal rhythm to sinus rhythrn
and had induced rype I escape beats. The second perlod again in-
duced Type I beats.
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produced during the "vagus-amine test". Although the number of animals

tested is small, the thresholds for pacemaker induction are in general

agreement with those reported by Roberts et at. (5å).

fn animal-s anaesthetized with cyclopropane, adrenaline in-

duced bigeminal and multifocal beats at doses similar to those produc-

ing Type I escape beats, and considerably lower than those producing

Type 2 escape beats in the presence of vagal stinuration. Thus the

first one or two periods of vagal stimulation foltowing injection of

adrenaline characteristically abolished the existing bigeminar or

multifocal arrhythmia but induced escape beats of either the first or

second type dependent upon the dose of sympathomimetic amine. Figure

204 illustrates conversion of multifocal nhythm to sinus rhythn by

stimulation. Continued stimulation caused Type 1 escape beats. Fig-

ure 208 shows an instance of change from multifocat rhythn to charac-

teristic Type 2 escâpe beats when stimulation of the vagus was begun.

Since the duration of adrenaline-indueed arrhythmias was Iess than the

duration of effectiveness of the amine in the "vagus-amíne test",

later periods of vagal stimulation often changed sinus rhythn to

eíther Type I or Type 2 escape beats. This is itrustrated in Figures

20C and 20D" The data are summarized in Table VII.

The use of isoproterenol for the "vagus-amine test" yielded

results comparable to those for adrenaline. The arrhythmias produced

in the absence of vagal stinulation differed from those produced by

adrenalÍne in that bigeminal rhythms was never observed after isopro-

terenol" In addition, the multifocal arrhythmias produced by lsopro-

terenol were usually of very brief duration (12-15 seconds). Accord-
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Figure 2I. Effect of vagal stirnulation in the presence of isoproter-
enol under cyclopropane anaesthesia. Continuous records of the response
to LZ,O Vg,/kg, of isoproterenol and to three periods of vagal stimula-
tion. A. Flrst perÍod of stimulation: the isoproterenol-induced arrhy-
thnia converts to sinus rhythm after a burst of 5 monofocal beats, B.
and C. Second and third periods of vagal stimulation respectively:
Type 2 beats are again produced. The responses to large doses of adre-
naline were similar except that multifocal arrhythmias usually re-
appeared when vagal stimulation was stopped"

B

c
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TABLE VII

THE "vAcus-AturNE TEST" usrNc ADRENALTNE

Dog THreshold for
arrhythmi as

lte. /ke.
Type I escape

beats
IJc. /kc,

Type 2 escape
beats

ïre, /kc,,

Threshold for pacemaker induction

19

20

24

none

none

none

Pentobarbital anaesthesia

10"0

4.O

5.0

:*

6.0

22

26

L7

l8

25

88

89

2.O

4.Q

2,O

4"O

2.O

2,O

3.0

Cvclopropane anaesthesia

2,O

2.O

1.0

2"O

1.0

2,o

B.O

L2,O

L2.O

-*3 Thresholds were not determined
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ingly, the change to supraventricular rhythm during vagal stimulation

may have been coincidental.. The data are summari-zed in Table VIII.

Figure 21 illustrates the response to three consecutive periods of

vagal stimulation following the injection of 12.O p"e./ke, of isopro-

terenol.

It is apparent from the data presented in Table VII and VIII

that the doses of sympathomimetic amines required to produce Type 2

eseape beats are approxlnately the same in pentobarbital- and cyclopro-

pane-anesthetized dogs.

C. DISCUSSION

Thiopental alone did not cause arrhythrnias in well-venti-

lated dogs, whereas Gruber reported a high incidence of bigeminar rhy-

thm in spontaneously respiring dogs (L27), rt is probabre that carbon

dioxide retention was responsible for the arrhythrnias noted by this

author"

Adrenaline produced bigeminal rhythm in only 2O percent of

anÍmals anaesthetized with thiopental. Approximately the same percent-

age of animals anaesthetized with amobarbital, secobarbital or pento-

barbital showed bigeminal rhythrn in response to adrenaline. In the pre-

sence of both thiopental and cyclopropane, approximately g5 percent of

animals responded with bigeminal rhythn to doses of 2,O VC./kg. or 1ess

of adrenaline (SECTION III) " This high incidence was not observed when

other barbiturates were substituted for thiopental (subsection 6). Ad-

renaline rarely produced bigeminal rhythm in cyclopropane-anaesthetized

dogs in the absence of thiopental (see below),
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TABLE VIII

THE ''VAGUS-AMINE TEST'' USING ISOPROTERENOL

Dog Threshold for
arrhythmi as

trs. /]Kc,
Type I escape

beats
lJs, /k.c.

Type 2 escape
beats

lLs, " /lK3,.

Threshold for pacemaker induction

Pentobarbital Anaesthesia

19

20

OD

none

none

none

2"O

L "25

1"0

4,O

2"O

*

T7

18

9D

25

26

> 8.0

2,O

2.O

3"O

2.O

Cyclopropane anaesthesi a

6"O

2"O

o" 5

2"O

2,O

3"O

8.O

t<

Thresholds were not determined
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It is clear that thiopental is required for the consistent

production of bigeminal rhythm in response to adrenaline. This is shown

most clearly by experiments in which thiopental was administered sub-

sequent to cyclopropane. Previously ineffective doses of adrenaline

became effective in producing bigerniny if thiopental was given suffi-

ciently slowly intravenously (subsection 3) or was administered into a

coronary artery (subsection 5). Cyclopropâne also is required for the

bigeminal response since the combination of intravenous adrenaline and

intra-coronâry arterial thiopental produced no arrhythmias in spinal

animals until cyclopropane was added.

The interaction between thÍopental and cyclopropane to faci-

litate the production of bigeminal rhythn by adrenaline cânnot be ex-

plained fully. It has been demonstrated that adrenaline-induced bigem-

inal rhythm occurs at a pressure which is characteristic for each ani-

mal, Intact or spinal dogs under thiopental anaesthesia showing bi-

geminal rhythm in response to adrenaline or to mechanically produced

elevations in pressure did so at systolic pressures ranging from 175 to

22O nm, Hg, The corresponding ranges in the same group of anlmals were

165-220 nm. Hg for cyclopropane-adrenaline bigeminal rhythm and lIO-170

mm" Hg for thiopental-cyclopropane^adrenaline bigeminy. These data

suggest that thiopental and cyclopropane interact to lower the pressure

threshoLd for the induction of bigeminal rhythm by adrenaline, This

interpretation does not infer, however, that adrenaline is acting solely

to provide an increase in pressure" Indeed thÍs is almost certainly not

the case since mechanical elevation of the blood pressure in thiopental-

cyclopropane anaesthetized dogs in the absence of adrenaline is not ef-
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fective in producing bigeninal rhythm, No explanation can be offered

for the finding that mechanical elevation of the blood pressure induces

bigeminal rhythn in dogs anaesthetized with thiopental, but rarely in

thiopental-cyclopropane-anaesthetized animals.

The data indicate that for a given dose of adrenaline, arrhy-

thmias are more severe in the cyclopropane-anaesthetized dog after thio-

pental treatment, and that the major arrhythmias of ventricular tachy-

cardia and ventricular fibrillation are observed at doses of adrenaline

which are well tolerated by the untreated cyclopropane-anaesthetized

animal (Table III). Although it was not possible to quantitate these

differences in the present investigation because of the phenomenon of

tachyphylaxis (see SECTION V), general comparisons are possible. 2.O

Ite./k9,, of adrenaline produced bigeninal rhythm in thiopental-cyclo-

propane-anaesthetized dogs, but usually only slnus tachycardia in ani-

mals anaesthetized witb cyclopropane. Animals induced with thiopental

before cyclopropane administration usually showed multifocal rhythns

after 4,O Vg,/1rlg. while untreated animals displayed minimal or no arrhy-

thmias. Animals anaesthetized with cyclopropane without premedication

usually tolerated 16.0 ¡rg.,/kg. without ventricular fibrillation. This

was seldom the case in thiopental-cyclopropane anaesthetized dogs

(Table III). It is apparent that thiopental alters quantitatively the

entire spectrum of arrhythmic responses to adrenaline in the presence

of cyclopropane.

Although the association of thiopental and increased sensi*

tivity of the cyclopropane-anaesthetized aninal to adrenaline has not

been made previously, the results presented here are confÍrmed by a



82

critical survey of the literature. Meek et al. (tt¡, and Morris et al.

(L47) reported that unpremedicated dogs anaesthetized with cyclopropane

requÍred 10 ¡tg./kg. of adrenaline administered over a 5O-second period

for the consistent production of ventricular rhythms. In contrast,

Cummings and Hays reported that the mean dose of adrenaline necessary

for the production of ventricular rhythms in thiopental-cyclopropane

anesthetized dogs was 2.0 pg.,/ke. (SS). Graff et aI. found the mean

dose to be 1.5 ttg./kg. (29), and McMillen et al., using the same pre-

paration, reported ventricular extru"VstorJ * oo"." ., o. 7-L.B V,g./

kg. (66).

There has been only one previous comparison of responses to

adrenaline in cyclopropane anaesthesla in the presence and absence of

thiopental. Orth et a1. reported on cross-over experiments emptoying

a fixed dose of t0 US.,/kg. of adrenaline (15). Five cyctopropane-

anaesthetized dogs showed ventricular tachycardia in response to.this

dose of adrenaline. After thiopentat, the duration of the arrhythmia

was lncreased and one of the animals fibrillated" It is of interest

that Orth et al. found a similar tendency to s"rrsiti"ution with seco-

barbital. This observation parallels the results obtained in the pre-

sent investigation. Since these authors were concerned with atternpting

to demonstrate protection against cyclopropane-adrenaline arrhythmias

by barbÍturates, they commented only that these agents afforded no pro-

tection.

It has been shown that thiopental, which nodifies greatly the

arrhythmic response to adrenaline in animals anaesthetized with cyclo-

propane' acts in the distribution of the left circumflex coronary art-
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ery" This observation supports the conclusion reached previously that

bigeminal and multifocal arrhvthmias induced by adrenaline arise in the

area of the atrioventricular node or the upper bundle of His (SECTION

III)"

Evidence has been presented that aclrenaline-induced bigeminal

rhythm is not due to emergence of a focus of automaticity (SBCTION III).

However, these data did not exclude completely the possibility of multi-

focal arrhythmias arising through such a mechanism. This was tested

rnore dj-rectry by apprication of the "va6;us*amine test" of Roberts (52,

53). This test appeârs ideally suited to the induction of true foci of

automaticity. unfortunately, the thiopental-cyclopropane preparation

does not lend itself well to this type of sturty since relatively smalt

doses of sympathomimetic amines will produce severe multifocal rhythms

and even ventricular fibrillation. Vagotomízed dogs anaesthetized with

pentobarbital were compared in the present investigation to animals

sensitized with cyclopropane.

The sympathomimetic amines caused arrhythmias only in the

sensitÍzed preparation" The arrhythmias due to adrenaline were abol-

ished by vagal stimulation. Isoproterenol-induced arrhythmias also

changed to supraventricular rhythms during vagar stimulation; this

could not be attributed to stimulation of the vagus because of the

short duration of the arrhythmj-a. Vaga1 stimulatÍon woulcl be expected

to make arrhythmias induced by adrenaline more severe if such arrhyth-

mias were due to the emergence of ventricular foci of automaticity.

The fact that the converse occurred opposes any theory attributing

the genesis of such arrhythmias to induced foci of automaticity.
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Vagal stimulation may produce automatic escape beats in the

sensitized preparation. However, the threshold dose of synpathomirnetic

amine required is approximately the same in sensitized and nonsensi.-

tized animals. rt shourd be noted that the dose required for the in-

duction of rapid t'monofocal" beats is moderately large, and that multi-

focal ventricular rhythns are never produced by vagat stimulation even

in the sensitized preparation" This latter finding 1s at variance with

that of Dresel and Sutter, who reported that vagal stimulation in the

presence of isoproterenol produced mulLifocal arrhythmias in the thio*

pental-cyclopropane preparati.on (54). These authors used much larger

doses of isoproterenol than those reported here.

The data presented indicate that "sensitized" and "nonsensi-

tLzed," preparations behave very similarry to a procedure which appears

to induce true ventricular autornaticity by supplying optirnal condÍtions

for the emergence of ventricular foci, The observation that "monofocal"

beats may be produced in sensitized preparations by moderately large

doses of sympathomimetic amines suggests that ectopic beats gg¿ arise

through automatic foci, just as they do in the nonsensitized prepara-

tion. The data indicate however, that sensitization to adrenaline by

cyclopropane does not normally rrccur by this mechanism.

D. SUMMARY

Induction of anaesthesia with thiopental alters the arrhyth-

mic response to adrenaline in cycloprop¿ìne anaesthetized dogs" Adrena-

line only occasionally produces bigeminal rhythm when thiopental is the

only anaesthetic agent present" rn the absence of thiopentar, dogs

anaesthetized with cyclopropane tolerate large dóses of adrenal-ine with
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minimal arrhythmias. Blgeminal rhythn is observed only occasionally.

When both anaesthetic agents äre present, bigeminy is produced by small

doses of adrenaline and multifocal ventricular rhythms ând ventricular

rhythms are induced by doses of adrenaline which the animal tolerates

well in the presence of cyclopropäne alone" The duration of the pot*

entiating action of thiopental is much longer than the duration of the

anaesthesia produced by this agent. The site of action of thiopental

has been localized to the distribution of the Left circumflex coronary

artery.

Arrhythmias produced by adrenaline in cyclopropane-anaesthe-

tízed dogs rnay be abolished by vagal stimulation" No difference was

noted between the cyclopropâne-anaesthetized and the nonsensitized pre*

paration in a procedure which provÍdes optimaL condÍtions for the emer-

gence of ventricular foci of automaticity.



SECTION V

OBSERVATIONS ON THË DEVELOPMENT OF

TACHYPHYLAXIS TO ADRENALINE-

INDUCED ARRHYTTIMIAS



*86

A. I}{IRODUCTION

Ïn the experiments reported in SECTIONS III and IV, tolerance

to lnduction of arrhythmias try adrenaline was observed when large doses

of adrenalj-ne were given repea'tedJ"y. Although most investigatíons on

eyclopropane-adrenaline arrhyttrmias reported in the literature have

employed repeated large doses of t,he amine, the only comment referable

to the development of tachyphylaxis is a short descri.ption by Meek (12).

His group later attributed this refractoriness to an "adrenolytic"

effect of cyclopropane (148)" The totr.erance 'to adrenaline was attri*

buted not to the repeated doses of the agent, but rather to the dura*

tion of the cyclopropane anaesthesia"

The intent of the present investigatiÕn tvas to determine the

rapidity with which tolerance developed, whether 1t was attributable

to an "adrenol.ytic" act,ion of cyclopropane, and whether this phenomenon

might influence the results presented in previous sectlons"

B. RESULTS

1" Tolerance to line*ïnduced Arrhvthlnias in Cvclorrropäne

AnaeslhesLa and Thiopental"-[i ycJ"opropnne Anaesthesi" a

The threshold close o:f, ad::en"al.ine necessäry for the inductfon

of bigeminal rhythm was clet,ei:mined i.n P t,hiropental-cyclopropane anaes--

thetized dogs. This dc¡se uias rçpËated ¿:ö t0-minute i,ntervals for per-

iods in exsess of 6 t¡ours" The thresholcl dose of adrenaline in the

flrst animal

at 4 hours,

other dog,

was 0 "7ä Vg,. /kg

inc¡:easing tö 1".

" at the beginníng of the experiment a¡rd

0 1-tg./Ìrg. at the end of, S ho¡rrs. In the

1.0 ¡rg./kg, was unchanged at the encl of 3the thresleolel of
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hours but increased to L"2ã ¡tg./kT,. at the end of 6 hqmrs" rt is appar-

ent that very little tolerance develops to adrenaline*induced bigeminal

rhythm.

A dose of 4.0 pS./kS" ofl adrenalÌne produced multif,ocal

arrhythmias in 2 thiopental-cycÏopropane*anaest,hetized dogs" AJ.though

this dose wâs repeated at lö-nriinute intervals for 2 anct 6 hours res-

pectively, there was only a slight progressive decrease in the severi.ty

and duratlon of the arrhythrnias. In con.trasL, atthough 4" O pg. /lËg. of

adrenaline produced multifocal arrhythmia when f,irst injected i.nto one

cyclopropane-anaesthetized dog, the amount of adrenaline necessary to

cause this arrhythnia on repeäted Ínjection increased to I t.lg"/kg. wÍth-'

in 4ã minutes and to 10 þ¿g.,/kg" within go ninutes. After 165 minutes,

a dose of 16 lJC./kC," caused onty sinus tachycardia" It would âppear

that tachyphylaxis to ventricular rhythms is more dif,f,icult to demon*

strate in animals premedicat,ed with thlopental"

Successively increasing doses of, adrenalÍne ranging f,ro'nn 4" 0

to 128 VC,,/]xg" were injected at L5*mj-nute interval,s i,nto 4 cyc}opropane*

anaesthetized dogs" None of these animals .fibril"trated j"n response to

the largest dose empJ.oyed (Talate TX). Two thi.opental*premedicated ani-

mals in which the sarne dosage schedule was employed fíbril.tated at I

and I6 pg./kg. respectively (Tabte IX)" Three unpremedicabed aninnaLs

given slngle injections af 24,32, and 48 Vg"/]ng,. of adrenaline died of

ventricular fibrillation.

Tachyphylaxis to adrenaline-induced arrhythmias can be cìemon.*

t'trated in thÍopental-premedicated ani¡na1s when the dosage schedule is

adjusted so that very smal"l" initial doses are empl-oyed" Tahte X shows



-88-

TABLE IX

DEVELOPMENT OF TOLERANCE TO ADRENALINE-INDUCED

VENTRI CULAR FIBRILLAT I ON

CYCLOPROPANE ONLY

42 43 47

TH I OPENTAL -CYCLOPROPANE

48 49Dose
Adrenaline

( pg. ,/trg. )

Dog: 40

4,O

8.0

16.0

24.O

32, O

48. 0

64,O

128. 0

ST

ST

V

V

VT

VT

VF

MFV

VF

MFV

N/Mrv

MFV

MFV

[4FV

MFV

MFV

B/vr

N

N/VT

N,/r¡r

VTB/MFV

MFV MFV

VT NÆNV

sr: sinus tachycardia, V: isorated beats having a eRS configuration
markedly different from the QRS of sinus beats, N: isolated or consecutive
beats with a QRS configuration essentially the same as the normal beat,
but not preceded by P waves, å: characteristic bigeminal rhythm, vr: ven-
tricular tachycardia characterized by monofocal rhythm, ry]$!; rhythrn char-
acterized by variety of QRS confÍgurations, FV: ventricular fibrillation
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TABLE X

DEVELOPMENT OF îOLERANCE TO ADRENALINE.INDUCED

VENTRICULAR FIBRILLIITION

Dose
Adrenaline

( ps. /ke. )

THIOPENTAL -CYCLOPROPANE

Dog 52 53 51 54

1.0

2,O

4.0

8.O

16. O

24,O

32.O

64. O

128. 0

B

B^{F\¡

B,/MFv

B^rFV

Mrv

MFV

MFV

N,/vr

VT

MFV

MFV

VI

VT

\¡r

w

ST

B

B

ST B

N,/B MFV

MFV MFV

MFV VF

VF

Abbrevlatlons are tbe same as for Table IX
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the responses of 4 animals. Definite tachyphylaxis was demonstrable in

only two.

A change in the type of arrhytbmia from multifocal ventricu-

lar rhythm to a predominantly monofocal ventricular rhythm was observed

as tachyphylaxis developed. This nay represent a change in the mechan-

ism underlylng the arrhythmias, but no evidence on this point has been

obtained.

2, Lhe "4qrenolytic Action" of Cyclopropane

Stutzman et al. have reported that cyclopropane possesses an

adrenolytic action (148). In their experiments, adrenaline became less

effective 1n producing arrhythmias as the duration of anaesthesia was

extended. Although they administered repeated doses of adrenaline,

they ignored the possibility of tachyphylaxis and interpreted the re-

sults to indicate that cyclopropane blocked the action of adrenaline.

This action of cyclopropane was presumed to increase with increased

duration of anaesthesla.

In the present investigation the animals showing tachyphylaxis

had been subjected to cyclopropane for approximately l50 minutes at the

tine the largest doses of adrenaline were adninistered. To exclude the

possibility that tolerance to adrenaline was due to an adrenolytic ac-

tion of cyclopropane, two cyclopropane-anaesthetized animals were

maintained under cyclopropane anaesthesia for a period of I50 minutes,

during which time no experlmental procedures were carried out. Two

thiopental-cyclopropane-anaesthetized aninals were treated in an iden-

tlcal manner. Each animal received a single injectÍon of adrenaline at

the end of thls time. The two animals anaesthetized wlth cyclopropane
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received 20.0 and 24.O ¡tg,/kg, respectively, white the thiopental-

cyclopropane-anaesthetized dogs received 8.O and I6.0 ¡rg.,/kg. respect-

ively. Ventricular fibrillation ensued in each case. There was no

suggestion that protectlon was due to the long period of cyclopropane

anaesthesia. These experiments indicate that cyclopropane has no

demonstrable "adrenolytic effect" under the conditions of the experi-

ments.

C. DISCUSSION

Most studies on tachyphylaxis to the effects of synpathomi-

preparation and

(149,I50) or the

metic amines concern themselves with the unsensitized

have centered around tolerance to the pressor effects

lethal effects ( t51, L52> , Several authors have made observations that

night be interpreted as indicatlng tachyphylaxis to adrenaline-induced

arrhythmias. Lynch cornmented that cyclopropane-anaesthetized animals

which do not fibrillate in response to large doses of adrenaline

usually tolerate larger subsequent doses (I09). De Jongh demonstrated

that pretreatment of dogs with adrenaline before administering chloro-

form protects against chloroform-adrenaline arrhythmias. (23). Similar

observations were nade by Brockman and Huggins in the case of cyclo-

propane anaesthesia (58).

Only two authors specifically conment on

arrhythmic action of adrenaline. Ueda et al. noted

tolerance to the

rapid tolerance to

adrenaline in nonsensitized dogs (153). Dresel noted minimal tolerance

in this preparation (154). Meek noted in a review article that cyclo-

propane-anaesthetized animals become progressively tolerant to the

arrhythmic action of adrenaline (12). However, his group attributed
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this tolerance to an adrenolytic action of cyclopropane (I48). No evi-

dence for such an action was found ln the present investigation. In re-

porting a study of agents protecting against cyclopropane-adrenaline

arrhythmias, Cummings mentioned without presenting data his observations

that no adrenolytic effect was demonstrable at a cyclopropane concentra-

tion of 16 percent (59). Cummingstresults are in agreement with those

reported here and differ from those of Stutzman and Allen (148). In the

light of the present investigation, the use by Stutzman and Allen of re-

peated lnjections of adrenaline makes it difficult to accept their con-

clusion that cyclopropane has an adrenolytic action. However, because

they routinely employed cyclopropane concentrations of 33 percent,

neither the observations presented here nor those of Cunnings completely

negate this possibility at higher concentrations of cyclopropane.

The threshold dose of adrenaline required for the production

of bigerninal rhythm in thiopental-cyclopropane anaesthetized animals is

unchanged aft,er many hours of repeated testing witb adrenalÍne. There

is IittIe possibility of the phenomenon of tachyphylaxis influencing the

results presented in SECTION III.

Tolerance to the production of multifocal ventricular rhythms

appears to occur less readily in the thiopental-cyclopropane-anaesthet-

ized dog than in the cyclopropane*anaesthetized animal. Tolerance to

adrenaline-induced ventricular fibrillation occurs very rapidly in

animals anaesthetized with cyclopropane only, but can be demonstrated

in thiopental-cyclopropane-anaesthetized animals only if snall initial

doses of adrenaline are employed. It was noted in SECTION IV that the

arrhythmic response to a given dose of adrenaline is more severe in the
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thiopental-cyclopropane-anaesthetized animal than in the dog receiving

cyclopropane without thiopental. One explanation for this differential

response is the rapid development of tachyphylaxis to adrenaline in the

latter situation. Two observations nitigate against acceptance of this

explanation. Adninistration of moderate doses of adrenaline (4.0-8,0

VC./kC.) to cyclopropane-anaesthetized animals which have received no

prior adrenallne stil-1 produces less severe arrhythmias than does ad-

ministration of the same doses to thiopental-cyclopropane anaesthetized

dogs. Moreover, administration of thiùpental to animals anaesthetized

with cyclopropane and previously tested wlth large doses of adrenaline

nevertheless increases the severity of adrenaline-lnduced ventricular

arrhythmlas (SnCttON IV). The possibility that tachyphylaxis exaggery-

ates some of the quantitative differenees reported in SECTION IV can-

not, however, be excluded completely.

D. SUMMARY

Animals anaesthetized with cyclopropane after induction of

anaesthesia with thiopental developed very Iittle tolerance to the

arrhythrnlc action of snall doses of adrenaline. Tolerance to adrena-

line-induced multifocal and fibrillatory ventricular rhythms occurred

more readily in the cyclopropane-anaesthetized dog than the thiopental-

cyclopropane-anaesthetized animal. The differential response to ad-

renaline under these two conditions of anaesthesia may not be explained

on the basis of tachyphylaxis. No attempt was made to investigate the

mechanism of tolerance to the arrhythmic action of adrenaline. The re-

sults do indicate, however, that this phenomenon cannot be explained on

the basis of an "adrenolytic" action of prolonged cyclopropane anaesthesia.
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GENERAL DISCUSSION
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GENERAL DISCUSSION

Evidence has been presented that administration of small doses

of adrenaline to dogs anaesthetized with thÍopental-eyctopropane will

cause a constantly-coupled bigeminar rhythn. rt was arso shown that

this arrhythnia could not be produced consistently in the absence of

thiopental. Indeed thiopental modified the entÍre spectrum of arrhyth-

mic responses to adrenaline under cyclopropane anaesthesia and influenc-

ed greatly the development of tachyphylaxis to adrenaline.

The finding of an interaction between thiopental and cyclo-

propane in the production of adrenaline-induced arrhythmias indicates

that sensitization by cyclopropane to adrenaline does not occur to the

degree commonly betieved. What have been termed "cyclopropane-adrena-

line" arrhythmias might more properly be called "thiopental-cycloprop{ne

-adrenaline" arrhythmias. This information is relevant to clÍnicaI

anaesthesiology since it is conmon practice to employ thiopental for

rapfd induction of anaesthesia before intubation and maintenance on

cyclopropane. Since spontaneous arrhythmias appear to be dependent

upon endogenous catecholamine release (see SECTION I), it is possible

that prenedication with thiopental Ís contraindicated in clinical cyclo-

propane anaesthesla.

In spite of the frequency with which constantty-coupled arrhy-

thmias are observed clinically, it has previously been difficult to pro-

duce a sufficiently stable and reproducible bigeminal rhythm for experi-

mental study, Although Ít was not the intent of the present investiga-

tion to deverop a "field theory" to explain the genesis of adrenergic
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arrhythnias in the sensitized preparation, enough information has evolved

from the study of this arrhythmia to outline certain concepts. The re-

mainder of this discussion will be confined to consideration of the mech-

anism of adrenergic arrhythmias.

It is convenient to consider adrenaline-induced ventricular

arrhythmias other than ventricular fibrillation under the two classifi-

cations of monofocal ventricular rhythms and of bigeminal and multifocal

rhythms. The characteristic arrhythmia observed in the nonsensitized

preparation is a monofocal ventricular arrhythnia which occurs only when

moderately large doses of the amine are employed. In the sensitized pre-

paration, on the other hand, small doses of adrenallne produce bigeminal

and multifocal arrhythmias"

These generalizations require qualification. In the present

investigation, bigerninal rhythm was observed in response to adrenaline

in the presence of a number of anaesthetic agents which are not consid-

ered to sensitize, including secobarbital, amobarbital, and pentobarbi-

ta1. Multifocal arrhythmias may be observed occasionally in the pento-

barbitat-anaesthetized dog in response to adrenaline. On the other hand,

monofocal arrhythmias, which are charac'teristic of the nonsensitized pre-

paration, mây be observed in the sensitized animal also" Thus it be-

comes difficult to document a qualitiative difference bet\ryeen the non-

sensitized and the sensltized preparation although there is certainly a

quantitative difference.

Bigeminal and multifocal arrhythmias occurrÍng in response to

adrenaline under thiopental-cyclopropane anaesthesia are not due to the
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emergence of ventricular focÍ of automaticity. The constancy of the

coupling interval of the bigeminal rhythm wlth sudden alterations ln

the dominant rate excludes focus forrnation in the genesis of this arrhy-

thmia. Moreover, if either arrhythmia were due to such foci, stimula-

tion of the vagus would be expected to worsen rather than abolish the

arrhythnias. Both arrhytbmias are interconvertibLe througb appropriate

changes in the systemic blood pressure and both appear to arise through

a mechanism having a locus of action in the region of the atrioventricu-

lar node. Both are influenced by thiopental which appears to act in the

same area. VagaI stirnulation also abolishes the adrenaline-induced bi-

geminal and multifocal arrhythmias occurring in cyclopropane-anaesthet-

ized dogs. It may be concluded that bigeminal and multifocal arrhyth-

mias, whether occurring in the cyclopropane preparation or the thiopen-

tal-cyclopropane preparation occur by the same mechanism and that that

mechanism 1s not the induction of ventricular automaticity.

The monofocal arrhythmia produced by large doses of adrenaline

in the nonsensitized preparation may be observed in some animals after

vagotomy, but production is facilitated by vagal discharge, Vagal sti-

mulation in the presence of a sympathomimetic amine will produce this

arrhythmia in the sensitized preparation also" However, the doses of

amine required are essentially the same as in the nonsensitized prepar-

ation and are considerably greater than those producing bigerninal- and

nultifocal arrhythmias. This observation that the "sensitizing" agents

do not sensitize to ventricular automaticity is consonant with the find-

ing of Dresel and Duncan that chloroform decreased the threshold to

sympathomimetic-induced automaticity Íq vilro only by a factor of two

( 155) 
"
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It is proposed that the monofocal arrhythmia observed in the

nonsensitized and occasionally in the sensitized preparation is due to

the establishment of a focus of ventricular automatici.ty. The bigeminal.

and multifocal arrhythmias observed in the sensitized and occaslonally in

the nonsensitized preparation in response to low doses of adrenaline are

not due to the emergence of such foci. This interpretation does not

exclude the possibility of an occasional multifocaL rhythm being due

to the emergence of two or more ventricular foci of automaticity. How-

ever, this arrhythmia was never produced by strong vagal stinulatlon in

the presence of moderately Iarge doses of sympathomimetic amthes.

The question of the mechanism of the production of ventricu-

lar fibrillatÍon has been avoided deliberately. None of the experiments

reported here was directed toward a study of this arrhythmla. The fact

that this arrhythmia is not produced by elevations of the blood pressure

in the presence of low doses of adrenaline (although multifocal arrbyth-

mias are consistently induced by this manoeuver) argues against a cornmon

mechanism for these two arrhythmias. Moreover, DreseI and Sutter have

demonstrated that the threshold dose of adrenaline required for this

phenomenon is not increased by vagal stimulation" They have suggested

that ventricular fibrillation occurs by a mechanism other than that pro-

ducing bigeninal and multifocal arrhythnias (54) 
"

One disturbing aspect of cyclopropane-arrhythnias is the ob-

servation that isoproterenol, which produces a fall in the systemlc

blood pressure, nevertheless may produee "multifocal" arrhythmias in

the sensitized preparation. It is difficult to reconcÍ1e this observa-

tion with the pressure sensltivlty of adrenaline-induced multifocal
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arrhythrnias. The observations by Moe g*_ gå. (+'t) and triluri:hy ,gg gL". (65)

suggest, however, that increments Ín pressure are not necessary for the

production of aclrenaline-induced multifocal arrhythmias although larger

doses are required if the pressor response is prevented. It would be

interesting to lçnow if the character of the arrhythmias produced by the

larger doses of adrenâline also changed, Several authors, using differ-

ent techniques, have now reported that isoproterenol is approximately

5-10 times as potent as adrenaline in producing what appear to be true

ar.rtomatic foci (52, 155, 156). The possibility exists that the isopro-

terenol-induced arrhythmia may occur be a different mechanism than that

producing adrenaline-induced nultifocal arrhythmias. It may well be

that at least some of ttre arrhythmias plroducecl by isoproterenol are

due to the emergence of automatic foci, particularly when large doses

of the amine are employed" It is of interest that Dresel and Sutter

demonstrated that vagal stimulation during sinus or nodâ1 tachycardia

following large closes of isoproterenol (up to íjOO pg,/lng, ) admirrj.stered

to tlriopental*cyclopropane-anaesthetized cìogs p:r'oducecJ multifocal. arry-

thmias ( S+) " Snch an observation is r:'c-'irçlily ex¡llainc* on the emcr[4-ence

of two or more ventricular foci of automaticity. It is unfortunate

that the arrhythmia produced by isoproterenol lasts only 12-15 seconds

before sÍnus dominance is reestablished. Such arrhythmias do not lend

themselves well to experimental study, and one can only speculate on the

mechanism of these irregularities.

The most appealing theory for the production of bigeminal and

multifocal beats is that of reentry. The normal wave of excitation may

encounter a region of unidirectional block, possibly in the atrioventri-
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cular node. Activation of such an area would occur in a retrograde

manner because of the block between the atria and the ventricles. If

the delay in activatlon of such an area was sufflcientry great that

the rest of the myocardiun had passed through its refractory phase, this

would be expected to initiate a "new" beat. A nodification of thls

theory holds that a portlon of the normal excltation wave reaches a

locally depressed area, and either "dies out" through decremental con-

duction or is sufficlently slowed that it energes fron the area at a

time when the myocardlun ls again capable of responding. Since con-

duction in the superior portion of the normal atrioventricular node has

been determined to be of the order of 0.02-0.O5 M,/sec., (L24,125) it is

conceivable that agents which depress the mode might grossly prolong

conduction times through this structure.

Definitive evidence in favour of this explanation can not be

offered, and will only be available when direct nultiple electrode re-

cordings are made from the conduction system and from the nyocardium

under various conditions of anaesthesla and during various arrhythrnias.

Such studies currently are being performed in this laboratory.
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APPENDIX I

The Anatomical Distribution of the Left Circumflex Coronarv Arterv of the

ry
There is general agreement that the main blood supply of the

sinoatrial node Ís derived from a branch of the right coronary artery in

the dog. However, most authors comment that the major nutrient flow may

be supplied by the left circumflex coronary artery in a small percentage

of cases (tSZ,l-58,159) and that anastomotic channels exist between

branches of the left circumflex and right coronary arteries at this site

(L57 ,158).

There is also general agreement that there is no single large

branch which supplies the atrioventricular node" Meek (fSz) states that

the "region of the coronary sinus" is supplied by both the left circum-

flex and the right coronary arteries, and Pianetto (158) and Moore (9I)

also have localized the blood supply of the atrioventricular node to

these two arteries. Lumb et aI. concLude that the major supply to the

atrioventricular node in t;; is derived from the reft circumflex

coronary artery (160), There appears to be no anatomical evidence that

the atrÍoventrícu1ar node derives any of its blood supply fron the ant-

erior descending coronary artery.

Cannulation of the two branches of the left coronary artery

was performed in two animals in the present investigation" These vessels

were cleared with Tyrode solution immediately on death of the anÍmal.

Injection of different dyes Ínto the arteries resulted in staining of the

ârea of the coronary sinus only when injection was made into the left

circumflex artery.



The anatomical evidence that the left circumflex coronary ar-

tery supplies the atrioventricular node in the dog is supported by tbe

observations of l4¡est et al. (161) and of Drese1 et al" (156) that injec-

tion of isoproterenol or adrenaline into tr,i" u"f.f,rn 
".r"itized 

and

nonsensitized dogs consistently produced a nodal rhythn. Further evi-

dence was obtained in the present experiments which demonstrated that

small doses of acetylcholine produced transient complete atrioventricu-

lar block only when injected lnto the left cirsumflex coronary artery.

Subsequent to these experiments it was found that West et aI. had report-

ed sinilar experiments with identical results (f6f).




