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CycrLorroraNe-EPINEPHRINE tachyeardia is the ventricular tachyeardia
which oceurs in the normal dog when epinephrine reaches a heart that is
predisposed to irregularities during anesthesia with eyclopropane (1, 2).
In studies of the mechanism by which this cardiac arrhythmia is pro-
duced it was noted that in dogs which had crossed cireulations estab-
lished under ether anesthesia ventricular tachycardia failed to occur
when cyclopropane subsequently was administered and the test dose
of epinephrine injected.

This is an investigation of the protective action of diethyl ether
against eyclopropane-epinephrine tachycardia.

1. Protection from Cyclopropane-epinephrine Tachycardia by Ether
Premedication.—To secure controls 21 unpremedicated dogs were anes-
thetized by rebreathing a cyclopropane-oxygen mixture from a 5 liter
bag, intubated to insure an open airway, and then connected through a
soda lime carbon dioxide absorber to a 100 liter rubber bag containing
a 22 per cent mixture of cyclopropane in oxygen. After the animals
had equilibrated on this constant mixture for thirty minutes, they were
injected intravenously with 0.01 mg. of epinephrine per kilogram in 5 cec.
of normal saline at a constant rate of 1 ce. per ten seconds. The dura-
tion of the resulting ventricular tachycardia was determined by constant
observation of the beam of the electrocardiograph and by electrocardio-
grams (lead II) taken at short intervals throughout a five minute period
beginning with the injection.

Several days later the dogs were anesthetized with diethy! ether by
the open drop technic, intubated, and connected through a soda lime
carbon dioxide absorber to an ether bottle. The concentration of oxy-
gen in the inspired mixture was kept at a high level by a continuous flow
of oxygen through a catheter which opened into the ether bottle. The
animals were maintained in deep ether anesthesia with at least partial
intercostal paralysis for fifteen minutes and then transferred to the
22 per cent cyclopropane-oxygen mixture. After thirty minutes of
cyclopropane anesthesia the test dose of epinephrine was injected and
the cardiac response determined as in the control experiments.

In table 1 it can be seen that, while each of the 21 dogs on its control
had cyclopropane-epinephrine tachycardia which averaged forty-two
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TABLE 1
ProtECTION FROM CyCLOPROPANE-EPINEPHRINE TACHYCARDIA WiTH ETnER PREMEDICATION
Duration of icul hyeardia following the injection of 0.01 mg./kg. epinephrine
Dog No.
i of 20 Al 15 i ether followed | After 30 ether foll
After 30 min. of 227 cyclo. s X :v‘:m 525 eyeio. | By ":""E':, of 2% Py
1 45 reconds 10 secondx 0 seconds
2 60 40 “ 0 ¢
3 o5 ¢ 0 “
1 20 “ 0 «
5 (1 I 12 0« 19«
P 30 = 0«
7 33 u P 0 “
8 67 “ 55 ¢ 85 @
0 61 ¢ 0 “
10 34 « 0 ¢
11 43 “ 1] “
12 3 *“ 0 “
13 47 ¢ 0o “
14 30 * [
15 48 o
16 40 ¢ 0o
17 39 ¢ o
18 50 ¢ o “
19 5 [
20 48 o« o «
21 20 “ [

seconds in duration, after fifteen minutes of deep ether anesthesia fol-
lowed by thirty minutes of cyelopropane anesthesia 16 of the animals
were completely protected against cyclopropane-epinephrine tachy-
cardia. Of the remaining 5 animals, dogs 1 and 5 had ventricular tachy-
cardia of forty-five and seventy seconds’ duration, respectively, on the
controls but only ten and twelve seconds after ether premedication.
They were considered partially protected.

One week later the 5 dogs which had failed to be protected completely
following fifteen minutes of ether premedication were given thirty min-
utes of ether anesthesia and tested for cyclopropane-epinephrine tachy-
cardia as before. Dogs, 1, 2, and 7 were now completely protected, but
there were no further effects on dogs 5 and 8. Thus, of 21 animals
only 2 failed to be protected completely by thirty minutes or less of
cther premedication.

. Protection from Cyclopropane-Epinephrine Tachycardia by the
Addition of Ether to the Cyclopropane-Ozygen Mixture—While ether

premedieation is effective in protecting dogs from eyelopropane sensi-.

tization, objections to its practical use are that the premedication period
requires fifteen to thirty minutes of deep ether anesthesia before cyelo-
propane can be employed and that the duration of protection is limited
because the animal begins to lose ether as soon as it is transferred to
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the cyclopropane-oxygen mixture. To determine if these objections
might be removed by the addition of ether to the cyclopropane-oxygen
mixture, controls were established by inducting 20 dogs with eyclopro-
pane and oxygen and maintaining them on a 22 per cent mixture of
cyclopropane in oxygen for fifteen minates. The test dose of 0.01 mg.
of epinephrine per kilogram was then injected. Several days later the
same dogs were injected with the test dose of epinephrine after they had
been anesthetized with a cyclopropane-oxygen mixture and then main-
tained for fifteen minutes on a mixture consisting of 22 per cent cyelo-
propane and 4.5 per cent ether in oxygen. This mixture was prepared
by vaporizing 80 cc. of ether into 75 liters of 25 per cent eyelopropane
in oxygen. )

The protective action of ether in such a mixture may be seen in
table 2. Ventricular tachyecardia followed the injection of the control
dose of epinephrine in every one of 20 experiments while the dogs were
on the 22 per cent eyclopropane-oxygen mixture. When ether had been
added to the mixture, the control epinephrine injection was followed by
ventricular tachycardia in only 3 of the same 20 dogs. Cyclopropane-
cpinephrine tachycardias of sixty-five, twenty-four, and forty-five
seconds’ duration in dogs 27, 31, and 35, respectively, were reduced by
the addition of ether to twenty-five, twenty and twenty seconds. Dogs
27 and 35 were therefore considered partially protected.

In addition to the series just discussed, 8 dogs, numbers 42 to 49
of table 2, were also subjected to 22 per cent cyclopropane plus 4.5 per
cent ether in oxygen. In none of these did epinephrine produce ven-
tricular tachycardia. The net result was that under cyclopropane plus
cther only 3 of 28 animals showed cyclopropane-epinephrine tachy-
cardia.

Since 22 per cent cyclopropane plus 4.5 per cent ether produces a
deeper anesthesia than 22 per cent cyclopropane alone, it seemed de-
sirable to make tests under a concentration of cyclopropane alone which
gives a comparable level of deep surgical anesthesia, as evidenced by
partial or complete intercostal paralysis.. This was obtained by anes-
thetization with 30 per cent eyclopropane in oxygen. The results may
be seen in column 3 of table 2. Fourteen animals were tested with the
control epinephrine injection, and all showed ventricular tachycardia,
one terminating in ventricular fibrillation.

Cyeclopropane-epinephrine tachyeardia readily occurs immediately
after induction. To determine whether there is an early and rapid
protection of the dog’s heart by the cyelopropane-ether-oxygen mixture,
5 dogs were given 30 mg. of nembutal per kilogram intraperitoneally
and artifically respired with 22 per cent cyclopropane in oxygen for
five minutes. They were then injected with the control dose of epine-
phrine. From table 3 it can be seen that all responded with ventricular
tachyeardia. One week later these dogs were again given nembutal and
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maintained on the eyclopropane-ether-oxygen mixture for five minutes.
At the end of this period the injection of epinephrine was not followed
by véntricular tachyeardia. Protection had thus occurred within a five
minute period.

TABLE 2

CoupartsoN of CycLOPROPANE-EPINEPHRINE Tacuycarpia 1N Doas uxper Lignt CycLorro-
PANE, L1GuT CYCLOPROPANE PLUS ETHER, AND DEEP CYCLOPROPANE ANESTHESIAS

Duration of ieul h ia after injection of 0.01 mg./kg. epinephrine
Dog No.
o8 2O After 22% eyelo. in Ox After 229 cyelo. plus 4.5% After 30% cyclo. in Oz
for 15 min. ether in Oz for 15 min, for 15 min.
22 20 seconds 0 seconds
23 48 ¢ [ 78 seconds
24 3 0« 0
25 0 [ 65 ¢
26 3 - [ 60
27 65 2 ¢
28 52 0 «
29 | £ {1
30 3 0«
31 24 ¢ 20 «
32 40 o “
33 3B 0« 0
34 50 ¢ o “
35 45 ¢ 20 *
36 50 [ I
37 3B ¢ [
38 13 " 0 “ .
39 18« 0« 55 «
40 16 o “ 445
41 40 [ 55 ¢
42 0 « = “
43 [ Ventricular fibrillation
£ 0 ¢ 17 seconds
45 o “ 27 0«
46 0 36
47 0o - 46 “
48 0 « 37 0«
49 [ 66«

Nine unpremedieated dogs (table 3) were inducted with a mixture of
45 per eent eyelopropane and 9 per cent ether in oxygen and then trans-
ferred to the standard mixture of 22 per cent eyclopropane and 4.5 per
cent ether in oxygen for five minutes. The epinephrine injection at this
time was followed by no ventricular tachyeardia in 7 of the dogs. This
procedure of testing the protective mixture before doing the controls

under eyelopropane alone was instituted so that any subsequent fibrilla-

tion in the controls would emphasize the ether protection. One week
later, when these animals were injected with epinephrine after being
inducted with a 45 per cent cyclopropane in oxygen mixture and then
maintained for five minutes on a 22 per cent cyclopropane in oxygen
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TABLE 3

CoupaR1soN oF CYcLOPROPANE-ErINEPHRINE TACHYCARDIA IN DoGs uNpER 229, CYCLOPROPANE
1¥ Oxvaex wrth 2295 CYCLOPROPANE PLUS ETHER IN OXYGEN AFTER ONLY 5 MINUTES
OF ANESTHESIA

Duration of ! h, dis (o ing injection of 0.01 mg./kg. of epinephrine
Dog No.
After 5 min. of 225, After 5 min. of 22% cyclo,
R cyclo. in Os plus 4.5% ether in O2
P i d with butal Premedicated with butal

25 50 seconds 0 seconds
26 57 “* 0 &
27 6 ¢ 0
28 34 ¢ 0 «
29 55 0

Unpremedicated Unpremedicated
22 40 seconds 5 seconds
2 13« 0 ¢
24 Ventricular fibrillation 0«
42 65 seconds 24 ¢
43 65 ¢ 0 «
47 0« 0o
48 37 - 0
49 63 « 0 «
50 Ventricular fibrillation 0«

mixture, all animals showed ventricular tachyeardia and 2 died of
ventricular fibrillation.

Discussiox

The eriticism may be made that the ether concentration in the mix-
ture 1s sufficient to produce anesthesia and that this study actually is
concerned with ether anesthesia. The fact remains, however, that the
mixture also contains an effective anesthetic concentration of cyclopro-
pane which, in the absence of ether, is capable of sensitizing the heart to
epinephrine so that cyclopropane-epinephrine tachyecardia is readily
produced.

From more than 100 anesthetizations of 70 dogs with the cyclopro-
pane-ether-oxygen mixture it was noted that speed of induction and
recovery are as rapid as with eyclopropane alone and that the moment
to moment control also resembles eyclopropane. Abdominal relaxation
appears to be as good as with ether at a comparable depth of anesthesia.
The respiratory depression of cyclopropane alone is not so apparent
with the mixture. In its failure to depress respiration and in its failure
to sensitize the heart to epinephrine the eyclopropane-ether-oxygen
mixture resembles ether rather than cyclopropane.

CoxcLusioNs

Twenty-two per cent cyclopropane in oxygen plus sufficient diethyl
ether to produce an anesthetic mixture, which will maintain unpre-
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medicated dogs in deep surgical anesthesia with partial or complete
intercostal paralysis, does not sensitize the heart of the dog to epi-
nephrine.

This eyclopropane-ether-oxygen mixture appears to have many of
the advantages of both cyclopropane and ether.
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For the information of anesthesiologists who are contemplating
application for certification by the American Board of Anesthesi-
ology, Ine., or who are training physicians for the specialty, the
following questions have been cmployed for Part I (written) ex-
amination in the past in Pharmacology :

1. How does anesthesia with each of the following affect the white
blood count postoperatively? a. ether; b. cyclopropane; c. sub-
dural procaine.

. Name a barbiturie acid derivative representative of each of
the following classifications: a. long acting; b. medium acting;
¢. short acting; d. ultra-short acting. What factors other than
their duration of action logically place these drugs in the
designated classifications?

. Tlow are the blood sugar and the carbon dioxide combining
power affected by surgical anesthesia with each of the follow-
ing: a. ether; b. morphine; ¢. eyelopropane; d. pentothal; ¢.
chloroform.

4. Discuss briefly the advisability of using a. spinal anesthesia in
the presence of pernicious anemia; b. pentothal sodium intra.
venously in the presence of dyspnea.

. List the toxic effects of each of the following: a. procaine hy-
drochloride; b. chloroform; ¢, metrazol; d. epinephrine,

G. Give the therapeutic dose of the following drugs when they are
given separately to an average adult male, aged thirty: . chlo-
ral hydrate, rectally; b. paraldehyde, orally; c. triohal (sulph-
onethylmethane), orally; d. dilaudid, subcutaneously.

7. Define the term *‘secondary saturation’’ and give your opinion
of its importance in the administration of nitrous-oxide.

8. What essential differences may be expected when using atropine
or scopolamine in comparable doses for preanesthetic medica-
tion?

9. What is the effect of ethyl ether given for inhalation anesthesia
on the gastro-intestinal tract?

10. What are the signs and symptoms of atropine poisoning? How

should it be treated?
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