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MANY DRUGS and diverse techniques h'ave been ]used[ to reduce arrhythmias 
during general anaest~hesia. Spinal arid epidu~al a~algesia have been employed 
to this end during general anaesthesia in "an effort to deafferent the adrenatsland 
the sympa~thetic nervous system in patients with phaeochromocytoma 1'2 a~d in 
patients with uncontrolled thyrotoxicosis? It has been shown that cardiac 
arrhythmias are more apt to occur under cyJclop~opane anaesthesia when the 
pCO2 is elevated. 4 Thi~ effect was also reported under halothane anaesthesia. 5 
Because of these report~ we wondered wh~the{ spinal analgesia or h~per- 
ventilation would provide a protective effect a~ains~ induced cardiac arrhythmias 
during halothane and meth'oxyflurane anaesthesias by blockade of the sympa- 

I 
thetic outfow or perhaps by decreasing endqgendus catecholamme production. 

A comparison of the epinephrine-induce d arrhythmias was made in one 
group of dogs under anaesthesia with 1 per cent 1fiethoxyflurane and with ~ per 
cent halothane l~oth with "and Without the previou~ administration of high spinal' 
analgesia. A second grou~ of dogs were hyperventilated during 1 per cent methoxy- 
flurane and 2 per cent halothane anaesthesia ~andthen given a standard epine- 
phrine challenge. 

METHOD 

Twenty-six acute experiments were performed on 10 mongrel dogs wel~hmg 
from 9.8 to 21.6 kg. (mean 16.4 kg.) and 16 acute experiments were carried out 
on the second group of 13 dogs weighing from 8 tp 25 kg. (mean 13.2 kg.). 

In the fasting state, the dogs were given a sleep/dose of 75-250 rag. thiopental 
sodium and 1.0-20 rag. of succinylcholine chloride to facilitate endotracheal 
intubation. An infusion of normal saline was sta}ted at this time to maigtain 
hydration arid to provide a route for the injectio n of an epinephrine challenge. 

Breathing was augmented with a Takaoka respirator" for the maintenanpe of 
adequate pulmonary ventilation. The volume of -~entilation was set at 4-8 litres 
per minute, depending on the size of the animal[ (average minute volumq 400 
ml./kg, body weight). In the second group of dogs respiration was augmented 
25 per dent above that in the first group. 

The electrocardiogram (lead 2) was recorded on ~ach dog with a clinical electro- 
cardiograph. A control tracing was taken immediately, following endotracheal 
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intubation while the animals were b~ing +r with 100 per Cent oxygen. 
The dogs were then anaesthetized witl) 1 per cent methoxyflurane dclivered with 
oxygen from a temperature-calibrated ~aporizer (Pentec| At five-minute 
intervals an electrocardiogram tracing wa,, taken until 25 minutes had elapsed. 
Then a recording was taken while th~ epk ephrine challenge was being adminis- 
tered and the tracing was continued|until it returned to the pre-injection con- 
figuration. The epinephrine challeng.~ consisted of an intravenous injection of 
0.02 rag. of epinephrine/kg, body weight/second. 

After at least two days' rest, the dogs in group I were again anaesthetized with 
intravenous thiopental sodium and suecinYlcholine chloride and again" a baseline 
electrocardiogram was taken after endotr@heal intubation. Spinal analgesia was 
then carried out either via the lumbar I or the cisternal route. A dose Iof 2 mg./kg. ~ 
of 0.5 per cent procaine i n ' p e r  cen~ dexi:rose in water was used in this and all 
subsequent experiments in this group. This i:tose does not cause appreciable 
decrease in heart force and it was felt lhis0ose vould cause sympathetic paresis. T 
After spinal analgesia was effected~ a~electrocardiogram was :aken. Tken 

�9 I. general anaesthesia was continued with 1 per cent methoxyflura ae as in the 
control period. The dogs were then given ~he epinephrin%challenge as described 
above. In subsequent experiments spin M analgesia was followed by general 
anaesthesia with 2 per cent halothane delivered from a Fluotec (Mark II) in 
six of these dogs. 

The dogs in group I I were given 1 per|cent methoxyflurane anaesthesia and 
they were hyperventilated for 25 minute~ preceding an epinephrine challenge. 

I 
Three of these dogs were subsequently anaesthetized with 2 per cent halothane 
and hyperventilated for 25 minutes preceding an epinephrine challenge, and 
three additional "fresh" dogs Were treate d in the same way. 

RESULTS 
The type, incidence, and duration of cerdiac arrhythmias that  

an epinephrine challenge are summarized~in Tables I to IV. 
o~curred after 

TABLE I 
M E A N  DURATION OF ARRIIYTttMIA D 

DURING ANA! 

No. of dogs Anaesthetic 

Methoxyflurane 
Methoxyflurane 

-t- spinal 
Halothane -{- spinal 

UE TO E'PINEPBRINE CHALL: 
gSTYIESIA 

Onset of 
arrhythmia Duration of 

�9 i after ventncular 
epinephrine tachycardi~a, 

challenge seconds 

10 12.4 51 
10 12.6 27* 

Total duration 
of al rhythmia, 

e c o n d s  

104-72 
1'~14-97 

6 17.1 72t At the end of 5 minutes 
still had not returned 
to pretinjection level 

*Excluding dog who sustained ventricular fibrillation. 
tDuration of tachycardia of the one dog who did not have ventricular fibrillation. 
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TABLE II 
INCIDENCE OF ARRHYTHMIAS DUE TO E P I N E P H R I N E  ICHALiLENGE DURING A N A E S T H E S I A  

I I 

,.~ ~ c-d 0 

~ ~ ,.) ~ .~ "F--, 

o " o  �9 _ o  _~ ~ _ ~o _ 

v o ~ ;~ ~ "F. E "~- 

< z o0~ z ~ >8 > = > X ~  > 
I . . . . . .  t . . . .  

Nlethoxyflurane 10 3 8 10 7 5 9 4 0 
Methoxyflurane 

+ sp ina l  10" 5 9 9 6 3 8 2 1 
H a l o t h a n e  

+ sp ina l  67 1 1 1 1 1 1 1 5 

1127 

*One dog had ventricular fibrillation--not included in tabtllatiotis of other arrhythmias. 
~ F i v e  d o g s  had ventricular fibrillation--not included in tabulation of other arrhythmias. 

TABLE III 

~ I E A N  D I ; R A ~ I O N  OF ARRHYTHMIAS DUE TO E P I N E P H R I N E  C H A L L E N G E  
DURING A N A E S T H E S I A  (ANIMALS HYPER~,ENTILATED)'4"r 

Anaesthetic 

Onset of arrhythmia 
after e p i n e p h r i n e  

No. of dogs challenge 

Methoxyflurane 10 14 0 
Halothane 6 13 2 

Dqration of 
ve~tricular Total duration 
tachycardi~ of arrhythmia 

I 

1 ; 0  sec .  1 6 7 4 - 3 8  
$ * 

*All animals died of ventricular fibrillation. 

TABLE IV 

INCIDENCE o F  ARRHYTHMIAS DUE TO E P I N E P H R I N E  C H N L L E N G E  DURI-2gG ANAESTHESIA 
(ANIMALS H'~ P E R V E N T I L A T E ~ )  

,. ,.- , , ! :,, . . . . . . .  

L~ 

�9 - ~ ~ ,~ 

~ ~ ; ' >  "~ ~ "F. 

= d ~ u  

e-* 
~  

Methoxyflurane 10 2 7 10 9 8 
Halothane 6 

. I _ 

~= .~ 
4 ~  

" ~  . ~  6"2. 

10 6 0 
6 

The average heart rate of the dogs in the first ;roup after endotracheal {ntu- 
bation was 155=t=54 for the 10 dogs to be anae. ~ :hetized with methoxyflqrane 
(contr(~l series), 155=t=t2 for the same 10 dogs to be anaesthetized with methoxy- 
flurane after spinal analgesia, and l17+481for  6 surviving dogs to be ~iven 
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h h " . I �9 , .  , alot ane and spinal analgesm. The heart rate after spinal analgesm was 171.~17 
(10 dogs) and 1754-39 (6 dogs) res~)ectively. At the ~/nd of 25 mi6utes of general 
anaesthesia the pulse rates were 1~0~4-~8, 984-30, and 774-8 i n ' h e  three series 
and the onset of arrhythmia was 1214, 12.6, and 17.1 seconds after ~he epinephrine 
challenge respectively. 

The heart rate for the dogs in the second group was 1644-51 and 160u-28 for 
the methoxyflurane and halotha~ae ~nimals immediately a~t~r I endotracheal 
intubation. After 25 minutes of general anaesthesia and hyper~ventilation the 
pulse rates were 118• and 110+47 ( espectively. 

All of the dogs developed serious ven~ricular arrhythmias after the epinephrine 
challenge. Seven of the dogs in group ~thal: were anaesthetized with 1 f)er cent 
methoxyflurane had ve~xt~icular ~achycardia of 51 seconds average duration. 
After spinal analgesia and subseqtren~ 1 per cent methoxyflurane anaesthesia 
one of the dogs developed ventricular fibrillation and six othersJhad ventricular 
tachycardia with an average duration of 27 seconds. When six of t~e nine survivors 
were subsequently given spinal analgeslia, 2 per cent halothane anaesthesia, and 
epinephrine challenge, five developed *entricular fibrillation and the remaining 
dog had prolonged ventricular tachycardia. 

None of the dogs given 1 per cen~ methoxyflurane anaesthesia (group II) 
developed ventricular fibrillation after lepinq~phrine challenge though nine of the 
ten dogs had ventricular tachycardia With an average duration of 100 seconds. 

�9 . ] 

Three of the dogs, given 2 per cent halothane anaesthesm on a subsequent day, 
developed ventricular fibrillatior~ after 9pinephrine challenge and died. The three 
"fresh" dogs also developed ventricul~r fibrillation and died. 

D I S C t ~ S S I O N  

It was thought that cardiac irritability and irregularity is less under spinal 
anaesthesia than with ether, cyclopropane, or chloroform. 8'90~ the other hand 
Goldberg showed that dogs given a totgl epidural ganglionic block with relatively 
large doses of local anaesthetic developed severe arrhythmias during hypothermia 
earl!er than dogs without such block.! ~ However, these arrhytl~mias may have 
been due to the effect of the local anaesthetic~eaching the bloodlstream from the 
epidural space, causing acceleration of heart ra, te. This is in agreement with the 

�9 �9 �9 [ 

observations of Richardson and Walton, who observed that wltl} moderate doses 
of intrathecal procaine there was no tachycardia, but when larger doses were 
used, tachycardia resulted.V 

During well-conducted general anaesthesia little }n the way of spontaneous 
arrhythmias is seen in the dog under cyclopropane, t[ichlorethylene, chloroform, 
halothane, the halothane-ether azeotrope, methoxy~flurane, arid trifluoroethyl- 
vinyl ether. 11-14 If the dog is challenged with epinephrine during anaesthesia with 
these agents it has varying degrees of severe cardiac arrhythmias. During cyclo- 
propane, trichlorethylene, and halothane anaesthesia most dogs develop severe 
and prolonged ventricular tachycardia or ,mccumb with ventricular fibrillation. 
Methoxyflur~Fe or trifluoroethylvinyt ether cause milder arrl~ythmias after a 
standard epinephrine challenge�9 

It was evident from this study that spinal analgesia does not alter the type or 
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severity of the arrh.ytbmias seen alter epinephri 
with similar experiments done in the same dog )vith, 
high spinal analgesia per se gives no pro'tect~on 
arrhythmias associated with gener~d anaesthesia in 

29 

ne challenge when comt~ared,., 
~ut spinal analgesia. Tller6fore 
gainst tiae genesis of in~l~cedI~' 
tlhe dog. 

After hyperventilation none of the dogs s:hetized with methoxyfl~rane 
sustained ventricular fibrillation although th( ~nay react in this manner ai~ter 
an epinephrine challenge) TM The duration v, entricular tachycardia under 
methoxyflurane anaesthesia during hyperventila~ion was longer than for the 
control series on the dogs under both spir~al ~nalgesia and methoxyfltrane 
anaesthesia. The type and incidence of serious !ventricular arrhythmias that  
occurred during hyperventilation under meth0xyflhrane afiaesthesia were si~nilar 
to those seen with methoxyflurane alone. 

Each dog given 2 per cent halothane anaesthesia while it was being h~cper- 
ventilated sustained ventricular fibrillation aft&r epinephrine challengd. Of 
interest was the observation that under haloth~llle anaesthesia during hyper- 
ventilation the pulse rate remained elevated Whereas in all previous work .~nder 
halothane anaesthesia the pulse rate fell sharply alter 25 minutes of anaesthesia. 

SUMMARY AND CONCLUSIONS 

The effects of high spinal analgesia and hyperyentilation on the incidellce of 
eoinephrine-provoked cardiac arrhythmias were reeorded electrocardiograpilically 
o~ dogs during anaesthesia with l per cent meth~xyflurahe and wi th2  pe~ cent 
halothane~ It was obvious that neither spinal ~nalgesia nor hyperventi~ation 
protects the heart of the dog from the potentially lethal effect of epinephrine 
when a stable level of anaesthesia is accomplished with methoxyflurane. During 
halothane anaesthesia, the epinephrine challenge is let'hal in most instances. 
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RksuM~ 
Les effets de l'analg6sie rachidienne haute et de l 'hyperventilation sur la 

fr&quence des arythmies cardiaques provoqu&s p~r l'~pin6phrine ont &~di~s, ~t& 
chez des chiens soumis ~ l'anesthfisie avec 1 pogr cent de m&hoxyfluran 9 et 2 
pour cent de fluothane, et, cela, sur un trace 61ectrocardiographique. H s'est 
av~rfi que ni l'analg6sie rachidienne, ni l'hyperverltilation, ne protSge le cceur du 
chien contre l'effet mortel possible de l'epinfiphrine,-- lorsque un plan,~table 
d'anesthfisie est obtenu avec le methoxyflurane5 Au tours de l'anesthe}ie au 
fluothane, la tentative d'administrer de 1 epinephrine est mortelle dans la plupart 
des cas. 
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