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PROTECTION FROM CYCLOPROPANE-EPINEPHRINE
TACHYCARDIA BY VARIOUS DRUGS *
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Ax injection of epinephrine too low in concentration to produce ventricu-
lar tachycardia in the unanesthetized dog will do so with regularity in
the same animal after thirty minutes of deep eyclopropane anesthesia
(1, 2). Due to this increased irritability of the heart with its subse-
quent tendency toward ventricular tachycardia and fibrillation when
small doses of epinephrine are given, many clinies discourage the use of
sympathomimetic drugs during cyclopropane anesthesia.

Our investigations of the mechanisms involved (3) have shown that
three conditions are necessary in order to produce cyclopropane-
epinephrine tachyveardia in the normal dog : evelopropane must reach the
heart; epinephrine must reach the heart; and a brain center above the
pons and its sympathetic fibers to the heart must be intact. The tachy-
cardia does not appear after decercbration, the production of lesions
in the pons, or bilateral sympathectomy.

From these studies it was believed that four types of chemical agents
might be expected to protect the heart from the production of ventricu-
lar tachycardia following injections of epinephrine in eyclopropane anes-
thesia, namely : drugs that depress the myocardinm; adrenolytic drugs,
i.e. drugs which block the response of the effector organs to epinephrine
hut not to adrenergic nerve impulses; sympathicolytic drugs, i.e. drugs
which block the response of the effector organs to epinephrine as well
as adrenergic nerve stimulation; and drugs which produce a functional
decerebration. This is an investigation of the protective action of
procaine hydrochloride, carbon dioxide, quinidine sulphate, morphine
sulphate, ergotamine tartrate, yohimbine hydrochloride, and F 883
(diethyl-amino-methyl-benzo-dioxane).

MgeTuops axp Resvrrs

Dogs were anesthetized by rebreathing a cyclopropane-oxygen mix-
ture from a 5 liter bag; an endotracheal tube with inflatable cuff was
inserted to insure an open airway, and the animals were connected
through a soda-lime carbon dioxide absorber to a 100 liter rubber bag
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containing a 30 to 33 per cent mixture of cyclopropane in oxygen. This
anesthetic concentration will maintain unpremedicated dogs in deep
surgical anesthesia with at least partial intercostal paralysis. After
equilibrating on this constant mixture for thirty minutes, the dogs were
injected intravenously with epinephrine in concentrations of 0.01 mg,
per Kg. in 5 cc. of normal saline at a constant rate of 1 cc. per ten seconds
until ventricular tachycardia was observed in the electrocardiograph,
at which instant the injection was terminated. In this way a control
dose of epinephrine for cach animal was determined which would bring
on ventricular tachycardia of significant duration. Electrocardiograms
(lead II) were taken at short intervals throughout a five minute period

beginning with the injection. The control dose of epinephrine was in-

Jjected subsequently at half hour and hourly intervals in order to show

TABLE 1
THE PROTECTIVE ACTION OF PROCAINE ON CYCLOPROPANE-EPINEPHRINE TACHYCARDIA
Duration of Ventricular Tachyeardia
Dox l-ipinnophrinc
No. mK.‘/mﬁg. Control Procaine Procaine Procaine
Epinephrine lﬁpm_x./l\Lg._nnd IZL_ln.z. /l\-g._ and S‘Ang./h‘g. and

1 0.006 52" 0"
2 0.008 42" 0"
3 0.006 38" 24"
1 0.007 30" 0" 20"
5 0.01 46" 0" 40
6 0.006 75" 0" 0” 80"
7 0.01 327 (14
8 0.004 24" [

9 0.008 347 (144 25"

10 0.006 54" 24"

11 0.006 47" 1"

12 0.01 417 0"

that the adrenolytic action of cyclopropane (4) was not manifest. This
last procedure was necessary in order to determine the duration of the
protective action of some of the drugs.

Procaine.—Procaine hydrochloride was selected as one example of
a direct myocardial depressant. The reports by Mautz (5), by Beck
and Mautz (6), and by Kochman and Dacles (7) have shown that pro-
caine applied directly to the heart reduces the irritability of the myo-
cardium, as evidenced by the inereased stimulation necessary to produce
extrasystoles or ventricular fibrillation. Van Dongen (8) has shown
that novocain will proteet the heart from eleetrieally produced flutter,
and Shen and Simon (9) have used it to protect dogs from chloroform-
epinephrine syncope.

Reeently Burstein and Marangoni (10) reported that 5 mg. of pro-
caine per kilogram given either before epinephrine injections or during
the stage of ventricular tachyeardia reduced the incidence of ventricular
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fibrillation in premedicated dogs during cyclopropane anesthesia. Bur-
stein, Marangoni, DeGraff, and Rovenstine (11, 12) found that the
intracardiac injeetion of procaine at the time of fibrillation in dogs
effected a return to normal in 66 per cent of the cases.

In our experiments procaine hydrochloride was injected simultane-
ously with the previously determined control dose of epinephrine.
Table 1 presents the results. Nine of 11 dogs were completely protected
and the remaining 2 partially protected from the eyvelopropane-epineph-
rine tachycardia when 16 mg. per Kg. of procaine was administered
simultancously. One of 3 animals was completely protected with 12 mg.
of procaine per kilogram, but none of 3 with 8 mg. In order to deter-
mine the duration of the protective action of procaine 7 dogs were in-
jected with epinephrine under cyclopropane twenty minutes after they
had shown complete protection following the simultaneous procaine and

TABLE 2
THE EFrect or CarsoN Dioxine ox CyclorroPANE-EPINEPIRINE TACHYCARDIA
Epinephrine Duration of Ventricular Tachycardia following Epinephrine I
o Dase
o mr-/Kg. C0: 0% CO: 5% C0: 12, CO: 20-247
13 0.003 64" 56" 13"
14 0.002 20" 85" 20" o
15 0.004 70" 70" 47
16 0.004 327 36" o
17 0.01 72" 67" 0"
18 0.006 34" 84"
19 0.006 47 28"
20 0.01 417 30”
21 0.01 65" 58" 0"

epinephrine injection. Three of the 7 were still completely protected,
while 3 showed an average of thirty seconds of ventricular tachyeardia.
These were considered to be partially protected because their control
evelopropane-epinephrine tachyecardia averaged fifty-nine seconds. The
other dog died of ventricular fibrillation. Procaine protected none of
the dogs sixty minutes afteir it was injeeted.

Carbon Diozide.—Magnus (13) reported that the perfusion of the
coronary vessels of the mammalian heart with carbon dioxide causes
prompt fibrillation. On the other hand Ketcham, King, and Hooker
(14) found that the isolated heart was depressed by all concentrations
of carbon dioxide. That low concentrations of this gas stimulate cer-
tain centers in the hrain and that high concentrations depress the same
regions arve well known. The experiments on carbon dioxide were in-
stituted to find whether this gas in an anesthetie mixture inereased the
duration of the eyclopropane-epinephrine tachycardia.

After the control injection of epinephrine had been made the carbon
dioxide absorbing canister was removed and sufficient carbon dioxide
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added to the anesthetic mixture to give a concentration of this gas that
was about 2 per cent lower than was desired for the experiment. The
animal was then allowed to build up the carbon dioxide concentration
by rebreathing into the reservoir containing the anesthetic mixture,
After ten minutes the anesthetic mixture was again analyzed. The
carbon dioxide inerease by this method was usually 1 per cent per five
minutes. Table 2 shows the results of the epinephrine injections under
cyelopropane at the various concentrations of carbon dioxide. No de-
crease in the sensitivity of the heart to epinephrine was noted until the
carbon dioxide reached 20 to 24 per cent, when the tachycardias failed
to appear.

Morphine—Robbins, Baxter, and Fitzhugh (15) reported that small
doses of morphine favor the development of arrhythmia under cyclo-
propane. The mechanism involved in this effect may be due to the de-
pression of the S-A node by the inereased vagal tonus thereby making
discharges possible from ectopic ventricular centers not under vagal
control but which are having their automaticity enhanced by the eyclo-

TABLE 3
CYCLOPROPANE-EPINEPHRINE TACHYCARDIAS BEFORE AND AFTER VaRlovs DRUGs

Duration of Ventriculnr Tachyecardin
Epineph-
R'?)‘. l’J’::c Control . . . dmini R Remarks
me./Kg. Ep:ir:ﬁ!;h- Epmephru:,e n’ﬂi’fﬁfﬂc:{'ﬁ{ I:;nvlr:mstrnuon
Injection
Morphine
8 mg. morphine/Kg. subcu.
22 | 0.006 39" (1144 20" slow ventr. rhythm
23 | 0.004 17 0 90" slow ventr. rhythm
24 | 0.006 54" 30” Partial protection
25 0.005 437 [1)44 35" slow ventr. rhythm
26 | 0.006 51" 0"
27 | 0.004 57" (1 * Morphine alone  ecaused
28 | 0.006 47" o a short period of ventr.
20 |0.008 54" 42 rhythm hefore the epineph.
30 |o0.010 38" o* inject.
31 | 0.010 38" 0" 55" slow ventr. rhythm
Quinidine
Epinephrine injected 10’ after 15 mg.
quinidine/Kg. intravenously
32 j0.01 64" "
33 0.01 40" o
34 0.01 56" o A-V nodal rhythm
35 |0.01 66" 0" A-V nodal rhythm
36 |0.01 30" 0" A-V nodal rhythm
37 |0.0125| 337 0" A-V nodal rhythm
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TABLE 3—Conlinued

Duration of Ventricular Tact -
Epi h
R L D [ Gontrol [ Administeat Remarks
alter
me. /K | of the Indicated Drug
Injection
Ergotamine
Epinephrine injected 20’ after ergotamine
intravenously
38 | 0.006 60" 114 Ergotamine 1/6 mg./Kg.
39 | 0.008 44" {1184 Ergotamine 1/7 mg./Kg.
40 0.01 36’ o Ergotamine 1/8 mg./Kg.
F 883

Epinephrine injected 20’ after 2 mg.
F 883/Kg. intravenously
41 0.01 64" 0"

2 0.01 76" 0"
43 |0.01 40" [1 130 *1.0 mg./Kg. F883 before
44 | 0.01 73" 0t epinephrine gave 22" V.T. =
45 |[0.01 30" 0" partial protection
46 | 0.01 54 0”1 tF883 alone caused A-V
rhythm before the test epi-
nephrine injection
Yohimbine
Epinephrine injected 20’ after yohimbi Yohimbine dose
intravenously mg./Kg.
47 0.0125 | 44" [V 5.0
48 |[0.01 40" 0" 1.0
"’ - 5
49 | 0.005 30" g” 25
50 0.01 60" 0" 25
5l 0.01 55" 0" .20
40" .10
52 | 0.006 39" (U4 20
53 0.006 52 0" 20
54 0.006 60" 32" .10

propane. Morphine may also favor ventricular autonomy by direct ac-
tion on the antomatic tissne. It has been reported by Porter (16) that
morphine increases the incidence of fibrillation after coronary occlusion.
Kuré (17) found that this drug potentiated accelerator stimulation in
the production of ventricular arrhythmia. Smirnow (18), however, has
reported protection with morphine in chloroform-epinephrine syncope.
Meck, Hathaway, and Orth (1) have shown that 1 mg. of morphine per
kilogram did not modify the usual appearance of cyclopropane-epineph-
rine tachyeardia. It was therefore decided to study the effects of large
doses of morphine on this arrhythmia.
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Ten dogs were premedicated with 8 mg. of morphine per kilogram
injected subecutancously. After twenty-five minutes the dogs were
placed on the anesthetic mixture of eyclopropane and oxygen for thirty
minutes and then injected with the control dose of epinephrine. Arti-
ficial respiration was done in those cases where the combined action of
morphine and cyclopropane eaused appreciable respiratory depression.
Before the epinephrine injection it was noted that some of the dogs
under cyclopropane and morphine showed a bigeminal or trigeminal
rhythm due to ventricular extrasystoles. Morphine completely pro-
tected 8 of the 10 dogs from -cyclopropane-epinephrine tachycardia.
However, the epinephrine injeetion was followed by slow ventricular
rhythms of sixty to ninety per minute in 4 of the dogs. In the 2 dogs
that did not show complete protection the duration of ventricular tachy-
cardia was reduced. The results are summarized in Table 3.

Quinidine.—Bardier and Stillmunkes (19) have reported that quini-
dine when given orally deereased the excitability of the heart, and
thereby prevented chloroform-epinephrine syncope. Scott (20) found
the continued administration completely successful in arresting and
preventing ventricular tachycardia in a clinical case.

In our experiments the oral administration of quinidine sulphate in
two doses each of 10 mg. per Kg., given one and two hours, respectively,
before anesthesia was not effective in proteeting against eyclopropane-
epinephrine tachycardia. Since smaller intravenous doses of quinidine
did not proteet, 6 dogs in deep cyclopropane anesthesia were injected
with 15 mg. of quinidine per kilogram ten minutes before the control
dose of epinephrine was injected. In cach case there was complete pro-
tection. Results on the 6 dogs are shown in Table 3. Three of the
dogs were tested with epinephrine at half hour intervals in order to
determine the duration of the protection. This quinidine effect per-
sisted for one, two and one-half and three hours, respectively.

Ergotamine—Ergotamine tartrate was employed as an example of
a sympathicolytic drug. After preliminary trials of higher doses it
was found that 1 to % mg. of ergotamine per kilogram injected intra-
venously was sufficient to give complete protection from cyelopropane-
epinephrine tachyeardia. Details may be seen in Table 3.

F 883.—Shen (21) has reported that F 883 (diethyl-amino-methyl-
benzo-dioxane) protects from chloroform-epinephrine fibrillation. This
drug was used in this study because of its sympathicolytic property.
Six dogs in deep cyvelopropane anesthesia were injected intravenously
with 2 mg. of T 883 per kilogram. Twenty minutes later the injection
of the test dose of epinephrine was not followed by ventricular tachy-
cardia as is shown in Table 3. .

Yohimbine.~Yohimbine hydrochloride was the only adrenolytic drug
studied. Shen (21) protected from chloroform-epinephrine fibrillation
by the intravenous injection of 1 to 3 mg. of yohimbine per kilogram be-
fore injecting the epinephrine.

20z ludy g1 uo 3sanb Aq ypd z0000-000601 ¥61-Z¥S0000/881082/€0S/S/Z/sPd-0l01E/ABOjOISBUYISBUE/LIOD" JIBYDISA|IS ZESE//:d)Y WY papeojumoq



CycLoPROPANE-EPINEPHRINE TACHYCARDIA 509

In our experiments 7 dogs were tested with intravenous yohimbine
doses which were decreased from the initial trial dose of 5 mg. per Kg.
to 0.2 mg. per Kg. in an effort to find the minimum protective dose.
In all cases the protection was complete. In 2 dogs the dosage was
reduced to 0.1 mg. per Kg., and the effect was only partial protection.
These results are also summarized in Table 3.

PROCAINE

T O iy 7 i i
R L I b W s

Fia. 1. Blood pressure tracings and electrocardiograms of epinephrine injections under
deep cyclopropane anesthesia. . Epinephrine control. B. Same dosc of epinephrine mixed
with 16 mg. proeaine per kilogram. C. Control dose of epinephrine 30 minutes after the
procaine injection.
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Broop Pressurg

Since several investigators have reported that chloroform-epineph-
rine syncope (22) and benzol-epinephrine irregularities (23) are due to
the inability of the heart to withstand the intracardiac strain imposed
by the high blood pressure resulting from epinephrine, direct measure-
ments were made to demonstrate the blood pressure effects of each drug

CARBOXN DIOXIDE

oty il o

e T TR S

Fi1a. 2. Blood pressure tracings and clectrocardiogrnms of cpinephrine injections under
deep cyclopropane anesthesia. 4. Epinephrine control. B. Same dose of epinephrine after the
anesthetic mixture contained 12 per cent carbon dioxide. C. Control dose of epinephrine after
the carbon dioxide concentration amounted to 22 per cent of the anesthetic mixture,
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in the concentrations used for protection. Figures 1 to 5 show charac-
teristic records from some of these experiments. In cyclopropane anes-
thesia yohimbine, ergotamine, and F' 883 caused a transient fall in blood
pressure followed by a return to the control level within a few minutes.
Quinidine and morphine each caused a more or less persistent fall in
the blood pressure. Pressor responses to epinephrine either did not oc-
cur or were slight with yohimbine, F' 883 and carbon dioxide at a time

MORPHINE

Fi6. 3. Blood pressure tracings and electrocardiograms of epinephrine injections under
deep cyclopropane anesthesia. 4. Epinephrine control. B. Response to the subcutaneous injec-
tion of 8 mg. morphine per kilogram, C. Control dose of epinephrine 30 minutes after the
morphine injection.

when there was protection from eyclopropane-epinephrine tachycardia.
However, when tachycardia was prevented by ergotamine, quinidine,
morphine, or procaine, the rise in blood pressure was comparable or
even greater than in the control. Similar results were reported for
protection by decerebration or sympathectomy (3).

Ergotamine was effective in preventing cyclopropane-epinephrine
tachyecardia before any reversal of blood pressure was observed. The
threshold for the cardiac effects of this agent is thus lower than for
the peripheral vascular effects. . .
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SunMMary

Procaine, carbon dioxide, quinidine, morphine, ergotamine, F 883
(diethyl-amino-methyl-benzo-dioxane), and yohimbine have been studied
for the prevention of cyclopropane-epinephrine tachycardia. These
agents are all protective in proper dosages. The cffective amounts per
kilogram when administered intravenously are: proeaine, 16 mg. ; quini-
dine, 15 mg. ; ergotamine, % mg.; F' 883, 2.0 mg.; and yohimbine, 0.2 mg.
The morphine dose was 8 mg. per Kg. when given subecutaneously.
Twenty to 24 per cent carbon dioxide in the anesthetic mixture also
gave protection.

It is believed that procaine, carbon dioxide, and quinidine give pro-
tection from cyclopropane-epinephrine tachycardia because of myo-
cardial depression; F' 883 and ergotamine, by their sympathicolytic ac-
tion; yohimbine, through its adrenolytic action; and morphine, by pro-
ducing either functional decerebration or myocardial depression.
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JOINT MEETING OF THE AMERICAN SOCIETY OF ANES-
THETISTS AND THE NEW YORK STATE SECTION OF
THE AMERICAN SOCIETY OF ANESTHETISTS

SQUIBB AUDITORIUM
745 Frrriu AVENUE, NEW York Crry

October 9, 1941—7:30 P.}M.

1. Business Session of The American Society of Anesthetists.
(a) Election of members.
(b) Change of status from Active to Junior Membership.
. Business and Economie Session of the New York State Section of
The American Soviety of Anesthetists.
(@) Medieal and Hospital Insurance Plans,
(b) Developments in the New York Electrical Code applying to
Anesthesia.
(¢) Other items.
3. Scientific Session:
(a) ““Some Recent Contributions to Resuscitation of the New
Born.”
By F. A. D. Alexander, M.D., Professor of Anesthesia, Albany
Medical School, Albany, N. Y.
(b) “‘Role of the Alkaloids of the Belladonna Plan in Clinical
Anesthesia.”
By McKinnie Phelps, M.ID., Department of Anesthesia, Bellevue
Hospital, New York, N. Y.
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