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METHOXYFLURANE is a fluorinated ether which i is now under I laboratory and 
" . i  clinical investigation.l,2, 8 Although ar~hythmias are not prolm~aent during its 

use clinically it was shown that it may b e dangerous to use catecholamines along 
With i t~ 4- 

This report deals with the effelct of SA 97, perphenazine (~rilafon| and 
hydroxyzine (Atarax@, Vistaril| ion e~inephrine-induced cardiac arrhythmias 
during methoxyflurane anaesthesia in dogs. 

SA 97 is N-P-chloro-benzylhydryl-N'~methyl homopiperazine dihydrochloride. 
It has been offered by Abbott Laboratories for clinical study lbecause it has 
some useful pharmaco'logical prope'rt~es. Chemically i t is closely related: to 
chlorcyclizine hydrochloride (Diparalene| which is an antihistaminic with 
potent hypnotic properties, and to cyc~izine hydrochloride (Marezine| which 
is used mainly for prevention and trea~rnent of nausea and vomiting. SA 97 has 

- -  i a high degree of antiserotonin and antihistaminic _activity. It has an anti- [ I acetylcholine effect that is mild. It is a coronary dilator, bronchqdflator, and !has 
ah antifibrillatory effect. The hypnotic effect it produces prolongs thiopent'al 
anaesthesia slightly. Clinical trials of this compound have been i directed main}y 
to determining its usefulness in the treOtment of allergies, s,6 

The antifibrillat0ry effects of prpe hemazine and hydrox, yzine have been studied 
before, and were used for comparison With SA 97 in these experiments. 7,s,~176 

METHOD 
I 

Forty-one acute experiments werefperformed on 11 mon.~rel dogs. They 
weighed between 9.0 and 24.5 kg. (mean 15.6 kg.). In the first experiments the 
dogs were not premedicated. In three subsequent experiments the surviving 
dogs were premedicated intravenously 30 minutes before the stgrt of anaesthesia 
with I mg./kg, of SA 97, 0.25 mg./kg, qf perphenazine, and 1 mg./kg, of hydroxy- 

-~ine respectively. The dose selected fo~" these drugs in each experiment was one 
that would not be expected to cayuse appreciable hypotension ~n the dog. 

In preparation for tJae experiment, each dog was lightly anaesthetized wi~ a 
sleep dose of thiopental (75-250 rag.), followed by 10 to 20 rag" of succinyl- 
choline, if needed, to facilitate endot~:acheal intubation. A cuffed endotracheal 
tube was placed in the trachea immediately after "induction of anaesthesia. The 
dog's breathing was then augmented with a Takaoka respirato~ in order ~t0 be 
sure that pulmonary, ventilation would be adequate and that ~ahere would! not 

*From the Department of Anesthesiology, Upstate Medical Center, Syracuse, New' york. 
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be any disturbance to cardiovascular homeostatis other !han that due possibly 
to the methoxyflurane or the epinephrine challenge ~,l ~ Deaending on the p "  / ~-I o 
size of the dog, the minute volume of ventilation was set at 4 ~ to 8~ litres per 

�9 �9 . ,  �9 ~. .1 . minute. Normal sahne ~fffusmn was started at the t~me Iof thiopental injection 
to maintain hydration and to keep a veto open. M~thoxyflurane was delivered 
from a calibrated constant-tdmperature vaporizer (P~ntec~), and was vaporized 
by a constant flow of oxygen through the vaporizer. 

The electrocardiogram (lead 2) was recorded on I each dog with a standard 
clinical recorder. A control tracing was taken immediately ,after endotracheal 
intubation while the dog was ventilated with 100 per ~en't oxygen only. One 

er cent methoxyflurane w~is then started This ~oncentration was selected 
because in previous wor]r it was found to give a stable leve]of anaesthesia without 
serious cardiovascular depression) Electrocardiogram tracings were taken every 
5 minutes until 25 minutes after the start of anaesthesia. Then a continuous 
recording was taken and the epinephrine challeng e given. The recording was 
continued until it returned to a configuration which was similar to that before 
the injection, or until death occurred. 

The concentration, dose, and rate of injection of epiOephrine was 0.02 mg. 
ml./kg, body weight per second, as used in previous similar steadies, r,8,~ 

~ESULTS 

The average heart rate of the unpremedicate~ dogs was 149-+-47 
per minute following endotracheal intubation, but before anaesthesia was 
begun with methoxyflurane. The average heart rate in I the dogs treated with 
SA 97 was 158 • 27 per minute, while that for the dogs/treated with perphena- 
zine and hydroxyzine was 121 • 24 and 122 -+- 83 respectiyely. 

The time of onset of cardiac arrhythmias after the ~tart of the epinephrine 
injection was 12.1 seconds for the unpremedicated dogs and 13.1, 12.8, and 13.4 
seconds ]?or the dogs pretreated with SA 97, perphenlazine, and hydroxyzine 
respectively. The type and incidence of cardiac arrhytlamias, that occurred are 
summarized in Tables I and II. 

TABLE I 

INCIDENCE OF ARRHYTHMIAS DUE TO EPINEPHRINE CHALLENGE DURING 
METHOXYFLURANE ANAESTHESIA 

tx0 

~9 

~9 

r 

4-1 

o = ~  . = ~  - ~ . -  "~.~ 
" ~  
~ '~  

None 11 3 9 10 7 6 j l 0  4 1 
SA 97 10 2 10 ,10 7 6 9 5 0 
Perphenazine 10 5 10 10 4 1 8 1 0 
Hydroxyzine 10 8 9 10 6 7 9 4 0 
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TABLE II 
MEAN DURATION OF ARRH~TFIbIIAs DUE TO EPINEPHRINE CHALI~ENGE 

DURING METHOX~FLURANE ANAESTHESIA, 

Onset ~f arrhythmia Duration of Total duration 
(seConds after ventric, of arrhythmias, 

Premedicant drugs epinephrine) arrhythmia, seconds seconds 
�9 I 

11 None 12.~ 
10 SA 97, 1 mg./kg. 13.! 
10 Perphenazine, 12. 

0.25 mg./kg. 
10 H ydroxyzine, 13.4 

1 mg./kg. I 

*Excluding one dog that developed vehtricular fibrillation. 
~Excluding one dog that had prolonge~ arr~ythmia. 

57 215" 
75 188 
15 137 

83 218 (200t) 

i i f )  . .  : The dm'ation of cardiac arrhythmia~ was ,15 seconds in the~npremedicated 
dogs and 188, 137, and 218 second~ in ~he dogs pretreated with S'A 97, perphena- 
zine, and hydroxyzine respectively. One of the dogs pretreate d with hydroxy- 
zine had a prolonged arrhythmia which weighted the results. Excluding this 
experiment, the average duration of the arrhythmias in the hydroxyzine-pre- 
treated dogs was 900 seconds. 

DIS~USSION 

Cardiac arrhythmias of a serious nature may occur during general anaesthesia 
with all of the commonly used halog6nated anaesthetics. 1-~ These may become 
lethal if inadequate pulmonary ventilation is allowed to persist~ 15 or if catecho- 
lamines are administered at the same time. 1r 

Slowing of the heart rate appears to be a charcteristic effect o~ methoxyflurane, 
as is seen with most of the halogenated anaesthetics, a 

The electrocardiogram tracings obtMned with methoxyflurane were compared 
with recordings obtained during similar experiments with halothane, halothane.- 
ether azeotrope, cyclopropane, chloroform, and trichlorethyl~ne ~ind it iwas 
observed that the arrhythmias were similar, iThe severity of the arrythmias and 
the likelihood of a lethat~effect wit h methoxyflurane was o~lthe same order 
as that seen with the halothane-ethe~ azeotrope, and much le~s than that seen 
with trichlorethylene, cyclopropane, a.nd halothane. 7,s,~s 

Several of the phenothiazine derivatives have been show~ to reduce' the 
incidence of cardiac arrhythmias car~sed by the combinatior~ of halogeliated 

�9 6") ~ �9 I �9 anaesthetics and catecholammes.~.8.1a,19 ,-~ In this study, perphenazme pretreat- 
ment appeared to be effective. The duration of arrythmias was shorter after 
perphenazine pretreatment than after pretreatment with SA 97 or hydroxyzme 
and none of these animals developed a prefibrillation arrhythmia. 

SA 97 along with other antihistaminics is known tb be effective in  reducing 
ventricular arrhythmias. 21 This action ~ was seen after the epim;pt~Sne cha~enge 
in the experiments reported here but SA 97 was less effective t~an perphena~e.  
Since one animal developed a ,prefibrillation pattern on the ECG the 
protective effect cannot be considered tellable. 
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ttydroxyzine gave some .protection against the severe~t~ ventricular arrhyth- 
rajas, although the overall duration of' the abnorma I rhythms wa~ not: Mtected 
appreciably. Atrial tachyc~rdia was observed mdref ofte~ in the hydmxyzine- 
protected animals than after any of the other tests, inclu~ling thel non-premedi' 
cated animals. Anotlaer in!eresting observation was ~hat ~he dogs that received 
hydroxyzine had an abn~pt change from ventricul~r ar~-hythmia to a regular 
sinus tachycardia, whereas the changes to normal ~vere gradual in the other 
experiments. In any case hydroxyzine was not as; effective as perphenazine 
in preventing epinephrine-induced arrhythmias. 

SU2k,I~IA:RY AND CONCLUSIONS 
Forty-one acute experiments were done on 11 mongre I dogs after 25 minutes 

of 1.per cent methoxyflurane-oxygen anaesthesia tO determine the severity of 
cardiac arrhythmias produced by an epinephrine challer~ge and to evaluate the 
efficacy of SA 97 (an antihistaminic) as a protectant. Perphenazine and: hydroxyl 

w e r e  also used as a comparison with SA 97. 'Pulmondry ventilation was aug- 
mented during anaesthesia to eliminate hypoxia and hypercarbia during the 
experiments. The doses selected for each agent were such Ithat severe hypotension 
would not be expected to occur prior to the epinephrine ctlalienge. 

The arrhythmias provoked by an epinephrine challeng~during methoxyflurane 
anaesthesia were less severe than those seen in similar experiments with trichlor- 
ethylene, eyclopropane, and halothane, but were similar I to those during~anaes - 
thesia with halothane-ether azeotrope and light chlorofor m. 

Perphenazine in a dose of 0.25 mg./kg, was more effective than hydroxyzine 
(i mg./kg.) and SA 97 ( i  mg./kg.) in reducing cardia~ arrhythmias produced 
by an epinephrine challenge. However, none of the drugs completely eliminated 
serious ventricular~ arrhythmias. Therefore, epinephrina~ should not�9 be used 
during anaesthesia with methoxyflurane, unless a smallamotmt is injected sub- 
cutaneously in a very dilute solution (less than 1:200,000)1 

l ~ s r a ~  

Apr6s 25 minutes d'anesthdsie avec 1 pour cent de im6thoxyflurane et oxy- 
g~ne, chez 11 chiens mongrel, nous avons pratiqu# 41 exp6riences pour 
d&erminer la fr6quence des arythmies cardiaques produites par l'administration 

~ t "  �9 �9 I �9 A I �9 J �9 " depmephrme et, en meme temps, Ie degre de protectiop procuree par le SA 97 
(un antihistaminique). Nous avons 6galement employ6 la perph6nazine et 
l~ydroxyzine pour en comparer les effets avec ceux ~u SA 97. Au cours des 
anaesth6sies, nous avons augment6 les 6changes respiratoires pour elJrniner toute 
hypoxie ou toute hyperearbie au cours des exp6riencos. Pour chaeun de ees 
agents, nous avions d6termin6 une dose telle qu'il n'y alzait pas lieu de craindre 
rdpparition d'une hypotens, ion marqu6e avant l'injection d'6pin6p~ine. 

Les arythrnies provoquees par rinjection d'6pin6ptffine durant Fanesth6sie 
au m6thoxyflurane ont 6t6 moins rnarqu6es que ee~les observ6es au cours 
d'exp6rienees semblables avec le trichlor&hyl6ne, le cyclopropane et l'ha!othane, 
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mais elles ressemblaient ~t celles que nous ~vons observ$es au cours de l'anesth&ie 
halothane-6ther az6otropique et l'agesth~sie l~gbre au chlorofor~e. 

La perph~nazine ~t raison de 0.25 rpg./kg, s'est av6r6e plus I efllcace qu~ 
l'hydroxyzine ( 1 mg./kg. ) et le SA'97 (~mg./kg.) pour diminueriles arythmies 
cardiaques occasionn~es par l'injection d'~pin~phrine. 

Toutefois, aucun de ces m6dicamentsl n'a r6ussi ~ faire disparaltre cornpI~; 
, . . . . .  ~ , tement 1 arythmm ventnculalre ~mp0rtan[e. En consequence, a u c t  urs de 1 anes- 

th~sie au m thoxyflurane, il serait d6eon~eill6 de f~ire usage d'6pi a~phrine che~ 
le malade, ~t moins qu'il ne s'agissr que d'une petite quantit6 a dministr6e e~ 
injection sous-cutan6e et en solution trbs dilute (mOins de 1:200,00( 0 . 
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