THE EFFECT OF PERPHENAZINE ON EPINEPHRINE-INDUCED
CARDIAC ARRHYTHMIAS IN DOGS. II, ANAESTHESIA WITH
CYCLOPROPANE, CHLOROFORM, AND TRICHLORETHYLENE!

ArLEN B. Dosxkin, M b ,2 Harry DoNALDsON, M b ,? and NoeL PURKIN, B.A.2

In appITION to the clinical efficacy of perphenazine (Trilafon®) in alleviating
symptoms of anxiety and other manifestations of emotional stress (1-4), this drug
exerts a significant depressive effect on epmephrine-provoked myocardial irrita-
bility 1f it is administered before general anaesthesia with Fluothane and the aze-
otropic mixture of Fluothane and diethyl ether mn dogs (5).

A dose level of perphenazine (0.25 mg /kg.) was selected for studying the
effect on myocardial irrtability that would not alter the pulse rate, blood pressure,
or respiratory pattern in the dogs, and, if translated mto the dose that would be
required for clinical anaesthesia, would not be excessive in man, or exceed the
effective therapeutic range for moderate sedation (01 mg./kg.).

Further studies m dogs were carried out to determine whether the protection
afforded by perphenazine against I'epinephrime-provoked cardiac arrhythmias
would apply also to anaesthesia with cyclopropane (25 per cent), chloroform
(05 per cent), and trichlorethylene (1 per cent), since these agents are known
to provoke spontaneous cardiac arrhythmias when inhaled during spontaneous
respiration, and cause serious ventricular arrhythmias if Pepinphrine 1s adminis-
tered during anaesthesia with these hydrocarbons (6, 7, 8, 9)

MgrHOD

Thirty-six acute experiments carrted out on twenty-nine mongrel dogs are
reported These ammals varied mn weight from 55 to 17 kg. (mean, 8 5 kg.). The
same techmical procedure was followed as was reported in the preceding ex-
periments (5).

The concentration of each anaesthetic agent employed was specially selected,
after prehminary trials, in order to produce a stable plane of surgical anaesthesia
within a few minutes when the dog’s tidal volume and airway pressure were
preset on a resprrator, and would not cause significant cardiovascular depression
or the development of electrocardiographic evidence of spontaneous myocardial
irritability while pulmonary ventilation was adequate

Cyclopropane-oxygen (2575 per cent) was admimstered through a semi-closed
circle system with fresh baralyme in the circuit, employing gas flows of at least
200 ml. cyclopropane and 600 ml. oxygen. Chloroform 0.5 per cent and trichlor-
ethylene 1 per cent were admmistered from a calibrated Fluotec vaporizer with
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the vaporization setting at 05 and 3 per cent respectively (10). At least 7 L.
gas/min. flowed through the vaporizer continuously (N3O, 5, L. 4+ O., 2 L.). The
concentration, dose and rate of injection of epinephrme (0.02 mg./ml./kg. body
weight/sec.) was the same as used previously (5), and was also specially selected
in order that the electrocardiogram of the dog would probably show ventricular
extrasystoles, ventricular tachycardia, multifocal ventricular extrasystoles, or
ventricular fibrillation after 20 min of each of the anaesthetic agents.

ResurTs

Cyclopropane 25 per cent and Oxygen 75 per cent

No significant spontaneous arrhythrmas appeared during the 20 minutes of
anaesthesia m twelve acute experiments on nine dogs The only alteration that was
observed on the electrocardiogram was a slight sinus arrhythmia and a progressive

TABLE 1

EFFECT OF PERPHENAZINE ON EPINEPHRINE-INDUCED CARDIAC ARRHYTHMIAS DURING 25 PER
CENT CYCLOPROPANE-75 PLR CENT O, ANAHESTHESIA IN DoGs

—

Onset of

Dose of Dose of arrhythmia Duration of
Weight epmephrine perphenazine after injection arrhythmia
Dog (kg ) (g ) (mg ) (sers ) (secs )
1 110 0 22 28 10 7 (Fig 1)
2 6 2 012 15 3 24
3 78 016 0 - 2 530-VF
4 90 018 0 — 4 194-VF
5 80 0 16 20 — 1 6
6 60 012 15 11 13
1 11 0 0 22 0 - 3 224-VF
3 78 0 16 20 8 9
4 90 018 23 Tachycardia—Bradycardia
7 16 0 0 32 10 VF-Death*
8 17 0 0 34 42 12 36 (Fig 2)
9 13 2 0 26 33 0 0t

*Mechanical difficulty during anaesthesia
tBradycardia and hypotension after experiment, death 1 3 hrs

slowing of the heart rate In seven of the nine dogs, the heart rate slowed to
less than half after 20 minutes of cyclopropane, as compared to that i the control
period (Fig. 1A, B). In the other two dogs there was little or no change in the
heart rate (Fig 2A and B). In six experiments, femoral artery pressures were
recorded, but there was no significant alteration before the injection of T'epine-
phrine.

In the three animals which did not receive perphenazine there was a period of
at least 3 minutes in which paroxysmal auricular tachycardia, ventricular tachy-
cardia, multifocal ventricular extrasystoles, and ventricular fibrillation appeared
on the electrocardiogram after the injection of I'epinephrine The blood pressure
rose immediately after mjection of I'epinephrime and then fell rapidly to a very
low level.
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FiguRe 1 Observe bridycardia after 20 muin of 25 per
cent cyclopropine, and short run of pirovysmal yventri-
cular tachyeardia after 022 mg lepmephrnine mn 11 hg
dog premedicited with 28 mg perphenazine A, contral
betore cyclopropane, shght sinus arrhythma at 188/mm ,
B after 20 min of 23 per cent cyclopropane, shght
stus arthythma at 82/mun G, end of injection of
Tepinephring, rite mereasingy D 9 sec after C, parovys-
mal ventnieal i tachycarda b 180/nun , E, 14 sec after
C, P waves raappear, F 30 sec after €, shyght smus
arrhvthimi v g 100/ mm

In the other nine expenments m which peiphenazime premedicabion was ad-
mumstered, the following ohservations were recorded One dog (no 4) had a
brief pertod of parovysmal aurcular tachycardia, followed by a short run of slow
ventriculat thythm, then normal compleves appeared at the rate seen before
the mjection of epnephrine In another espeniment (no 7) there was some
mechanical difficulty with the antomatic respirator which was ventilating the dog
This caused signs of obstiuctive breathing mteimittently during the 20 mmutes
coatrol period When the I'epmephrine was njected, ventricular tachycardia
developed immediately and changed abruptly In a few seconds to ventncular
fibnllation Another dog (no 9) had no arrhythmmas) dunng thé experiment, but
developed a severe bradycardia and hypotension abotit 7 minutes after the I'epine-
phrine mjection and discontinuation of cyclopropane This rate was 1egular at
between 26-30/minutes for over 2} hrs, with gtadual reduction of the voltage
During this tune only oxygen was administered with the respirator Spontaneous
hreathmng did not retuin and the blood pressuie became too low to record after
3 hrs When the respuator was disconnected the animal expired promptly This
death may have been due to “cyclopropane shock” or to the effects of a relative
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Frgure 2 Observe that there was no alterition n
the heart rate after 20 mun of 25 per cent cyclopro-
pane, and short run of ventricular (ytrisystoles fter
034 mg l'epmephrine A, control before oydlopro-
pane (after perphenazine), shight sinus  wrrhythmn
at 144/min, B, after 20 mmn of 25 per cent ovelo-
propane, unchanged, C, end of mjechon of |epine-
phrme, heart rate incrensed to 230/min D 12 sec
after C, multifocal ventniculiur edrisystoles E 30
see  after C, ventricular extrisystoles  [ollowed by
normdl rhythm, F 80 sce fter C noom il rhythm
rate 150/ nun

overdose of cyclopropane A response like this was reported by Morris and
associates n a similar experiment with chloroform (9)

The other six dogs that received perphenazine had very brief 1uns of paroxys-
mal supraventricular tachycardia with a few ventricular eatrasystoles (sce Figs
land2,Cto F)

Chloroform 0 5 per cent with Nitrous Oude 70 per cent and Oxygen 30 per cent

These experiments were done mibally with 1 per cent chloroform, because 1t
was reported that dogs were very much more resistant to chloroform-epmephrine
syncope than to that with cyclopropane (6) However, this concentration caused
hypotension By tnal 1t was found subsequently that 05 per cent chloroform and
70 per cent mtrous oxide with controlled respiration was sufficient to produce a
preparation that would respond to epinephrine with ventricular arrhythmas, but
would not cause marked alteration of the blood pressure during the prelimmary
20 minutes of anaesthesia
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LrrLcT or PERPHLNAZINL ON EPINCPHRINL-INDUCED CARDIAC ARRHYTHMIAS DURING D5 PER
CEMNT CHLOROFORM -+ N0 Oa(5 2) ANacsSTHESIA IN Docs

Onset of
Duse of Dose aof arrhythmia Duration of
Weight epinephrine  perphenazine  alter 1njection arrhythmia
Dog (hg) (mg) ~ {mg) {secs ) (secs )
1 11 0 0 22 28 3 74 (see Fig 3)
2 94q 018 23 9 56
3 69 a4 a 4 144
4 59 012 1] 3 93
5 91 018 23 Tachycard:a only
b 50 0 10 13 5 16
1 10 022 0 -1 VFE-Deith (see Fig 4)
7 60 012 0 0 264
g 10 4 021 25 2 46
4 Ut 018 23 3 i8
10 S0 0 1§ 0 2 156
5 9 1 0 18 0 ~2 200
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Ficune 3 Observe shight bradycarda after 20 min
of 05 per cent chloroform and ventnicular arrhythmias
oter 022 mg epniphrine wm 11 kg dop premedicated
with 28 perphenasine A, control before chloroform,
rate 186/mun, B, after 20 min 05 per cent chloro-
form, rate 120/min, C, end of mjection of l'epme-
phnine, onset of A~V dissoeation, D, 30 sec after C,
A=V dissocation, E, 45 sec after C, multifocal ventrs-
cular extrasystoles, T, 78 sec alter G, normal smus
rhythm reappears, G, 80 sec after C, normal sinus
rhythm, rate 140/mn !
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No spontaneous cardiac arrhythmias appeared mn the twelve, acute experiments
mn the ten dogs, either during induction of anaesthesia or duning the 20 minutes
prior to admumstration of epmephrme Each of the dogs had a shght reduetion
mn the heart rate within about 5 mirutes after begmmmg the chloroform The
reduction of heart rate was not progressive during the 20 minutes of anaesthesia
(see Figs 3 A-B, and 4 A-B)

in the sux expenments wn which the amima! received perphenazme, a bref
run of increased heart rate, followed by atrmoventricular rbythm, nodal and
ventricular extrasystoles and slow ventricular rhythm were observed In only one
of these ammals did the arrhythmas persist for more than 1 minute (see Fig 3)
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Ficure 4 Observe shght bradveardiu after 20 mun
of 05 per cent chloroform wnd telescopmg of pwo-
gression of arthythrmaes to ventricular fibrilabion when
cpmephrine {022 myg ) was wministered 1 the un-
premedicated dog (sime ] 15 n Fig 3)

In the other six experiments, mn wluch no perphenazine was given, the animals
developed bursts of supraventiicular tachyeardia, ventricular tachycardia, and
multifocal ventricular extrasystoles In five of these experiments the arrhythmas
persisted for at least 90 seconds and showed the appearance of a “prefibnllation
phase ” One anumal abruptly developed ventricular fbnllation 4 seconds after the
mjection of Iepinephrine (see Fig 4)

Trichlorethylene 1 per cent with Nutrous Quide 70 per cent and Oxygen 30 per cent

No sigmficant spontaneous arrhythmias appeared durmg the 20 minutes of
anaesthesia 1n twelve acute experiments on ten dogs There was also no sigmficant
alteration 1 the heart rate or blood pressure In the six experiments m which
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TABLE [II

ErrrcT OF PERPHENAZINE ON EPINEPHRINE-INDUCCD CARDIAC ARRHYTHMIAS DURING | PER
cCNT TRICHLORETHYLENEG —+ N20 Q_(5 2) ANaestresia v Docs

Ounset of
[Dose of Dose of arrhythmia Duration of
Weight epinephrine  perphenazine  after injection arrhy thomg
Dog (kg) (mg } (mg) (secs ) (secs )
1 86 017 22 6 18
2 70 014 18 T 27
} 60 012 0 3 163
{ 55 ou 0 7 221
5 83 0 16 20 Tachycardia anly
6 68 014 18 14 55
7 B O 016 0 4 F¥T & VF-13 nun
{intermuttently)
2 70 014 0 3 VE-Death
B 6 4 013 16 3 66
4 L 2 0 22 28 8 124 {Fig 5)
5 B3 010 0 o \ F-Death
10 82 0 1o 0 i 182 (Fig 6
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Ticun: 5 Observe ventricular archvthmias  after

Tepimephnne A, control before tnchlorethylene, sinus

arrhythmin @ 82; B, after 20 mun 1 per cent tnichlor-

ethylene, sinus arthythma @ 84, C, end of injechion of

I'epmnephnne (022 mg ), unmediate merease 1w heart

rate, and appearance of ventnicular extrasystoles, D, E,

F 00, 40 and 120 sec after C, ventricular extrasys-

toles, G, 130 sec jafter C, wans thythm

perphenazime premedication was given, there were no. arrhythmas m one, and
up to 2 minntes of mtermittent ventricular arrhythmas m the other five after the

mjection of epmephrme (see Fig 5)
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In the other six experiments, the anipals did not recewve perphenazme Three
of them developed ventricular fibnllation—two of these died quickly, while the
other alternated between ventricular tachycardia, multfocal ventneular extra-
systoles, and ventricular fibnillation for 1$ munutes The other three had long runs
of ventricular arrhythmias that appearefl at tmes to change to fibnllation, but
they each reverted to a slow ventricular rhythm, which gradually accelerated
until a near normal rate and configuration reappeared (sec Fig 6)
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Figure 6 Observe prefibnlliion phase of ventn-
cular arrhythmis appoinng shortly after njection of
epinephrine A, control before trichlorethylene, rate
115/mim, B, after 20 mm 1 per eenl trichlorethylone
rate 108/mmn, C, 3 sec aftar mjection of lcpine-
phrine (018 mg )-bncf pperance of ventmcular
fibnlliton, then mulbfoc]l ventriculir  extrasystoles
D, 166 sec after C, slow ventncular riythm E 180
sec after C, return of sinus rhvthm T 240 sec A fter
C, stnus rhvthm rate 90/mm

Discussion

The demonstration of a protective action agamnst expenimentally provoked
cardiac arrhythmias by epmephnne has been carned out with many drugs,
employmg a vanety of techmques (11) These have led to wide vanations m
eaperimental observations and mn opinions expressed regarding the conclusions
that may be drawn

The procedure employed in the present study was selected m order o
elimmate as many varable factors as possible A small amount of thiopental
was given mtravenously m order to prepare the anumal quickly, and to avod a
stormy mnduction of anaesthesia Respiratory tidal volume and airrway pressure
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were regulated n order to assure that pulmonary ventilation would be adequate
at all ttmes, and that the desired concentration of the primary anaesthetic would
be delivered to the lungs and would estabhish a surgical plane of anaesthesia
mn a few mnutes The hquid anaesthehcs were dehvered from a cahbrated
Fluatec vaponzer, which 1s temperature compensated, i order that varration
m the concentration of these agents would be avoided even if the ammal should
take a deep breath, and to elimunate the possibibty of sudden wide changes
mn the depth of anaesthesta The specific concentrations of the anaesthetics
which were selected were chosen because they did not cause marked hypo-
tension {or hypertenston ) duning the mnrtial 20 mmmutes of anaegthesta which were
required to prepare the animal fo1 the acute experiment

A fixed concentiation and rate of mjection were deaided upon for the ntra-
venous admmstration of l'epinephrmme, with total dose dependent upon body
weight This method was used rather than admimstering I'epmephrine untl a
patticalar cardiac response might be observed because the latter techmque
ebmmates the factors of rate and dose and rcnders companson of response
with different anaesthetic agents more difficutt

A hght level of chloroform anaesthesia was chosen because deep chloroform
angesthesia depresses all functions of the heart, loweis the blood pressure. and
peihaps reduces the susceptibihty to the pecuharly lethal effect of Fepmephrine
In fact, under deep chlmoform, l'epinephrine may be an effechve restorative
of a rapidly succumbing cuculation (12, 13) This 1s probably true also with
Fluothane and the azeotropic musture of Fluothane and diethyl ether (5) On
the other hand, with aitficial 1espiration, a high concentration of cyclopropane
was used because this abohshes or mmumizes the madence of spontaneous
arthythmias, but also mcreases the susceptibility to ventricular arrhythmas pro-
voked by l'epinephrine (14)

It was stated that, chnically, spontaneous cardiac arrhythmias have been
noticed frequently during trichlorethylene anaesthesia ether by palpation of the
pulse o1 by the electiocardiograph (7, 8) In these early reports, the concentra-
tion of the mhaled vapour probably exceeded 2 per cent, or the arrhythmas
were transient and appeated only duimg mductiom of anaesthesia (15) Serious
ventiicular airhytlmias may occw spontaneously only under deep anaesthesia
with tiichlorethylene, when 1apid shallow bieathing occurs, and causes hypox-
aemia (16) In the amimal studieg reported here, no spontaneous arrhythmias were
observed during the mitial 20 minutes of anaesthesia in distmction to what has
been observed by others (8, 9) This may be explamed by the fact that mduction
of anaesthesia was always smooth, and pulmonary ventlabon was supported
sufficently to maintain normal respwation When Tepmephrine was ijected,
however, these animals appeared to be far more susceptible to ventricular fibril-
lation than wath any of the other agents stndied

Perphenazine was observed to exert a protective action on the heart agamst
ventnicular arrhythmias, without apparent potentiation of the effect of the
primary anaesthetics, and without altermg the pulse rate or the blood pressure
of the dogs, although the arrhythmias were not elimnated
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The complete elimination of cardiac arrhythmias with perphenazine may be
possible by greatly increasing the dose or by altering the amount of anaesthetics
administered. However, the first manoeuvre would cause potentiation of the
anaesthetics, and mduce undesirable lowering of the blood pressure and possibly
myocardial depression, while the second manoeuvre would alter grossly the
optimum experimental procedure, and detract from the validity of any conclusions
that may be drawn from the observations.

It appeared from these studies that perphenazine was more potent than chlor-
promazine in reducing the duration and severity of cardiac arrhythmias provoked
by I'epinephrine, and had no significant effect on the pressor response to I'epine-
phrme at the dose level tested (17, 18, 19).

SuMMARY AND CONCLUSIONS

The effect of 25 per cent cyclopropane, 0.5 per cent chloroform with 70 per
cent nitrous oxide and 1 per cent trichlorethylene with 70 per cent mtrous oxide
on the heart rate was observed during thirty-six acute experiments in dogs in
which pulmonary ventilation was regulated, and the concentrations of the
inhaled anaesthetics were accurately controlled. There was marked slowing of
the heart rate with cyclopropane, slight slowing with chloroform, and little or no
change with trichlorethylene. There was no significant difference m the heart
rate in the animals that were premedicated with perphenazine 0.25 mg /kg,
as compared to the unpremedicated animals.

Sensitization to epinephrine-provoked cardiac arrhythmias by a standard con-
centration and rate of injection (002 mg /ml /sec.) were observed, when the
total dose was regulated according to the animals’ weight It was found that
ventricular fibrillation was less likely to occur when epinephrine was injected
during anaesthesia with 0.5 per cent chloroform than with 25 per cent cyclopro-
pane, or with 1 per cent trichlorethylene. In a similar study with Fluothane and
the azeotropic mixture of Fluothane and diethyl ether, the cardiac response to
epinephrine with 0.5 per cent Fluothane was similar to that with 25 per cent
cyclopropane, and the 1 per cent of the azeotropic mixture was similar to that
with 0.5 per cent chloroform.

Premedication with perphenazine {0.25 mg./kg.) caused a significant reduction
in the severity and duration of the cardiac arrhythmias provoked by epinephrine
if pulmonary ventilation was adequate throughout the experiment, but did not
cause reversal of the pressor response. It was suggested that the elimination
of epinephrine-provoked cardiac arrhythmias by perphenazine would require
such alteration in the depth of anaesthesia or dose of perphenazine as would
reduce the validity of the results of these experiments for practical application.
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REsuME

Nous avons étudi¢ leffet sur le rythme cardiaque de 25 pour cent le cyclo-
propane, de 0.5 pour cent de chloroforme avec 70 pour cent de protoxice d’azote
et de 1 pour cent de trichlorethyléne avec 70 pour cent de protoxide d’azote chez
trente-six chiens dont la ventilation pulmonaire était maintenue et dont les
concentrations d’agents anesthésiques inhalés étaient précisement contrélées.
Nous avons observé un ralentissement marqué du cceur avec le cyclopropane,
un léger ralentissement avec le chloroforme et peu ou pas de changement avec
le trichlorethyléne Chez les ammaux prémédiqués avec de la perphénazine 0.25
mg./kg., nous w'avons pas observé de différence dans le rythme cardiaque com-
parativement aux ammaux non prémédiqués.

Nous avons observé une sensibilisation a provoquer des arythmies cardiaques
par I'épinéphrine 4 une concentration et a une vitesse d’injection standard (0.02
mg./ml. sec.) lorsque la dose totale était calculée d'aprés le poids des animaux.
Nous avons observé que la fibrillabon ventriculaire était moins exposée a sur-
venir lorsque I'épméphrine était injectée durant I'anesthésie avec 0.5 >our cent
de chloroforme que durant 'anesthésie-avec 25 pour cent de cyclopropane ou
avec 1 pour cent de trichlorethyléne. A la suite d'une étude semblable avec le
Fluothane et le mélange azéotrope Fluothane et éther diéthylique, nous avons
noté que la réponse cardiaque a I'épinéphrine avec 05 pour cent de Fluothane
était semblable a celle observée avec 25 pour cent de ¢yclopropane et que celle
de 1 pour cent/du mélange azéotrope était semblable 4 celle de 0.5 pour cent de
chloroforme.

La prémédication avec de la perphénazine (025 mg./kg.) a entrainé une
réduction importante de la sévérité et de la durée des arythmies cardiagues pro-
voquées par I'épinéphrine & la condition que la ventilation pulmonaire soit
adéquate durant toute Pexpérience, mais elle n’a pas inversé Teffet presseur. 1l
nous a semblé que I'élimination par la perphénazine des arythmies ventriculaires
provoquées par I'épinéphrine nécessiterait une telle profondeur d’anesthésie ou
des doses telles de perphénazine que la valeur pratique des résultats de ces
expériences serait bien diminuée.
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