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MaNY DRUGS and diverse techniques have been|used to reduce arrhythmias
during general anaesthesia. Spinal and epidural aLalgesia have been employed
to this end during general anaesthesia in an effort to deafferent the adrenals/and
the sympathetic nervous system in patients with phaeochromocytoma!? and in
patients with uncontrolled thyrotoxicosis.® It has been shown that cardiac
arrhythmias are more apt to occur under cyclopropane anaesthesia when the
pCO; is elevated.* This effect was also reported under halothane anaesthesia.’
Because of these reports we wondered Whgthef spinal analgesifa or hyper-
ventilation would provide a protective effect a%ains induced cardiac arrhythmias
during halothane and methoxyflurane anaest‘hesi s by blockade of the sympa-
thetic outflow or perhaps by decreasing endogenous catecholamine production.

A comparison of the epinephrine-induced arrhythmias was made in one
group of dogs under anaesthesia with 1 per cent methoxyflurane and with 2 per
cent halothane both with and without the previous administration of high spinal
analgesia. A second group of dogs were hyperveptila‘ ed during 1 per cent methoxy-
flurane and 2 per cent halothane anaesthesia and then given a standard eJ)ine-

phrine challenge.

METHOD

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

In the fasting state, the dogs were given a sleepFlose of 75250 mg. thiopental
sodium and 10-20 mg. of succinylcholine chloride to facilitate endotracheal
intubation. An infusion of normal saline was started at this time to maintain
hydration and to provide a route for the injection of an epinephrine challenge.

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

The electrocardiogram (lead 2) was recorded on jach dog with a clinical electro-
cardiograph. A control tracing was taken immediately following endotracheal
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intubation while the animals were being ventilated with 100 per cent oxygen.
The dogs were then anaesthetized with 1 per cent methoxyflurane delivered with
oxygen from a temperature-calibrated vaporizer (Pentec®). At|five-minute
intervals an electrocardiogram tracing was taken until 25 minutes had elapsed.
Then a recording was taken while the epinephrine challenge was being adminis-
tered and the tracing was continuedjunti it returned to the pre-iﬂjection con-
figuration. The epinephrine challenge consisted of an intravenous injection of
0.02 mg. of epinephrine/kg. body weight/second.

After at least two days' rest, the do% in group I were again anaesthetized with
intravenous thiopental sodium and succinylcholine chloride and again' a baseline
electrocardiogram was taken after endotracheal intubation. Spinal analgesia was
then carried out either via the lumbar or the cisternal route. A dose of 2 mg./kg.
of 0.5 per cent procaine in-}0 per cent dextrose in water was used in this and all
subsequent experiments in this group. This dose does not cause appreciable
decrease in heart force and it was felt this dose would cause sympathetic paresis.”
After spinal analgesia was effected, an electrocardiogram was taken. Then
general anaesthesia was continued vx}rith 1 per cent methoxyﬂuraﬂle as in the
control period. The dogs were then given the epinephrine challenge as described
above. In subsequent experiments spinal 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 II were given 1 perLcent methoxyflurane anaesthesia and
they were hyperventilated for 25 minutes preceding an epinephrine challenge.
Three of these dogs were subsequently anaesthetized with 2 per ce‘nt halothane
and hyperventilated for 25 minutes preceding an epinephrine cHallenge, and
three additional ‘“fresh’” dogs were treateci in the same way.

RESULTTS

The type, incidence, and duration of cardiac arrhythmias that oFcurred after
an epinephrine challenge are summarized'in Tables I to IV.

TABLE 1

MEeAN DURATION OF ARRHYTHMIA DUE TO EPINEPHRINE CHALL
DURING ANAESTHESIA

’

Onset of ' 1
arrhythmia | Duration of
after ventricular Total duration
epinephrine tachycardia, of arrhythmia,
Anaesthetic No. of dogs challenge secondsf1 seconds
Methoxyflurane 10 12.4 51 20072
Methoxyflurane 10 12.6 27* 171497
-+ spinal
Halothane -+ spinal 6 17.1 72 At the end of 5 minutes
still had not returned
to prerinjection level

*Excluding dog who sustained ventricular fibrillation.
+Duration of tachycardia of the one dog who did not have ventricular ﬁbrillatﬂon.
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TABLE 11
INCIDENCE OF ARRHYTHMIAS DUE TO EPINEPHRINE (CHALLENGE DURING ANAESTHESIA
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Methoxyflurane 10 3 8 10 7 5 9 0
Methoxyflurane
-+ spinal 10* 5 9 9 6 3 8 2 1
Halothane
-+ spinal 671 1 1 1 1 1 1 1 5

*One dog had ventricular fibrillation—not included in tabulations of other arrhythmias. |
tFive dogs had ventricular fibrillation—not included in tabulation of other arrhythmias.

TABLE II1

MEAN DURATION OF ARRHYTHMIAS DUE TO EPIlePHR[NE CHALLENGE
DURING ANAESTHESIA (ANIMALS HYPERVENTILATED)

1

Ounset of arrhythmia Du{ration of
1

after epinephrine ventricular Total duration
Anaesthetic No. of dogs challenge taqhycardi‘a of arrhythmia
Methoxyflurane 10 14 0 1&!0 sec. 167438
Halothane 6 13 2 * *

*All animals died of ventricular fibrillation.

TABLE 1V

INCIDENCE OF ARRHYTHMIAS DUE TO EPINEPHRINE CHALLENGE DURING ANAESTHESIA
(ANIMALS HYPERVENTILATED)
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Methoxyflurane 10 2 7 10 9 8 10 6 ’ 0
Halothane 6 6

The average heart rate of the dogs in the first group after endotracheal intu—
bation was 15554 for the 10 dogs to be anaesthetized with methoxyflurane
(éontrdgl series), 15542 for the same 10 dogs to be anaesthetized with methoxy-
flurane after spinal analgesia, and 11748 ffor 6 surviving dogs to be given
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halothane and spinal analgesia. The heafrt rate after spinal analgesia was 171417
(10 dogs) and 175439 (6 dogs) resf)ecti‘fvely. At the end of 25 minutes of general
anaesthesia the pulse rates were 1102448, 98+30, and 77 +8 in the three series
and the onset of arrhythmia was 12][4, 12.6, and 17.1 seconds after the epinephrine
challenge respectively. | !

The heart rate for the dogs in the second group was 164451 and 1604-28 for
the methoxyflurane and halothane ;Elimals immediately after' endotracheal
intubation. After 25 minutes of general anaesthesia and hypex!‘ventilation the
pulse rates were 118416 and 110447 respectively. ‘

All of the dogs developed serious Ven{ricular arrhythmias after the epinephrine
challenge. Seven of the dogs in group I that were anaesthetized with 1 per cent
methoxyflurane had V;nrgicular (jachycardia of 51 seconds average duration.
After spinal analgesia and subsequent 1 per cent methoxyflurane anaesthesia
one of the dogs developed ventricular fibrillation and six others had ventricular
tachycardia with an average duration of 27 seconds. When six of the nine survivors
were subsequently given spinal analgesia, 2 per cent halothane anaesthesia, and
epinephrine challenge, five developed ventricular fibrillation and the remaining
dog had prolonged ventricular tachycardia.

None of the dogs given 1 per cent methoxyflurane anaesthesia (group II)
developed ventricular fibrillation after]jpinephrine challenge though nine of the
ten dogs had ventricular tachycardia with an average duration of 100 seconds.
Three of the dogs, given 2 per cent halothane anaesthesia on a éubsequent day,
developed ventricular fibrillation after epinephrine challenge and died. The three
“fresh’’ dogs also developed ventricular fibrillation and died.

DiscuyssioN

It was thought that cardiac irritability and irregularity is less under spinal
anaesthesia than with ether, cyclopropane, or chloroform.?® O . the other hand
Goldberg showed that dogs given a total epidural ganglionic block with relatively
large doses of local anaesthetic developed severe arrhythmias dur?ng hypothermia
earlier than dogs without such block.’® However, these arrhythmias may have
been due to the effect of the local anaesthetic{eaching the blood |stream from the
epidural space, causing acceleration of| heart rate. This is in agreement with the
observations of Richardson and Walton, who observed that wit , moderate doses
of intrathecal procaine there was no tachycardia, but when larger doses were
used, tachycardia resulted.?

During well-conducted general anaesthesia little in the way of spontaneous
arrhythmias is seen in the dog under cyclopropane, tﬁ'ichlorethyﬁene, chloroform,
halothane, the halothane—ether azeotrope, methoxyflurane, and trifluoroethyl-
vinyl ether.!'~4 If the dog is challenged with epinephrine during anaesthesia with
these agents it has varying degrees of severe cardiac arrhythmils. During cyclo-
propane, trichlorethylene, and halothane anaesthesia most dogs develop severe
and prolonged ventricular tachycardia or succumb with ventricular fibrillation.
Methoxyﬁurgﬁi‘e or trifluoroethylvinyl ether cause milder arrl‘#ythmias after a
standard epinephrine challenge.

It was evident from this study th:%tt spinal analgesia does not alter the type or
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severity of the arrhythmias seen atter epinéphrine challenge when complaréd
with similar experiments done in the same dog ithaFut spinal analgesia. Tﬁe;r fore
high spinal analgesia per se gives no protection against the genesis of induced
arrhythmias associated with general anaesthesia in the dog.

After hyperventilation none of the dogs naes)Lhetized with methoxyﬂq’rane
sustained ventricular fibrillation although thejdog may react in this manner after
an epinephrine challenge.’®!* The duration lof ventricular tachycardia under
methoxyflurane anaesthesia during hyperventilation was longer than for the
control series on the dogs under both spi'fal nalgesia and methoxyflurane
anaesthesia. The type and incidence of serious ventricular arrhythmias |that
occurred during hyperventilation under methoxyﬂ{xrane anaesthesia were similar
to those seen with methoxyflurane alone.

Each dog given 2 per cent halothane anaesthesia while it was being hyper-
ventilated sustained ventricular fibrillation after epinephrine challenge. Of
interest was the observation that under hat?thatle anaesthesia during h; per-
ventilation the pulse rate remained elevated ‘ hereas in all previous work ynder
halothane anaesthesia the pulse rate fell sharply after 25 minutes of anaesthesia.

SUMMARY AND CONCLUSIONS

The effects of high spinal analgesia and hyperventilation on the incide_nfce of
epinephrine-provoked cardiac arrhythmias were recorded electrocardiographically
oﬁ dogs during anaesthesia with 1 per cent methoxyflurane and with 2 per cent
halothane. It was obvious that neither spinal a[nalgesia nor hyperventilation
protects the heart of the dog from the potentiacl&ly lethal effect of epinephrine
when a stable level of anaesthesia is accomplished with methoxyflurane. During
halothane anaesthesia, the epinephrine challenge is lethal in most instances.
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RESUME

Les effets de I'analgésie rachidienne haute et de I'hyperventilation sur la
fréquence des arythmies cardiaques provoquées par I'épinéphrine ont été étudiés,
chez des chiens soumis a 1'anesthésie avec 1 pour cent de méthoxyflurane et 2
pour cent de fluothane, et, cela, sur un trace électrocardiographique. i s'est
avéré que ni I’analgésie rachidienne, ni '’hyperventilation, ne protége le cceur du
chien contre l'effet mortel possible de !'épinéphrine, lorsque un plan stable
d’anesthésie est obtenu avec le méthoxyflurane. Au cours de l'anesthésie au
fluothane, la tentative d’administrer de ’épinéphrine est mortelle dans la plupart
des cas.
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