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RESPONSE OF THE DIGITALIZED HEART TO
CYCLOPROPANE AND EPINEPHRINE *

J. W. StuTzyax, PhD,, C. R. AuLex, Ph.D., axp W. J. Mexk, Ph.D.t
Madison, Wis.

CycrorropaNe has been shown to increase the irritability of the dog’s
heart so that the intravenous injection of .01 mg. epinephrine per kilo-
gram produces ventricular tachycardia. This dose of the amine causes
only premature beats or slow ectopie rhythms in unanesthetized animals
(1). Cardiac irregularities are often an undesirable side action of
digitalis preparations even when used in therapeutic doses. The sever-
ity of these arrhythmias increases as the dose is increased. The present
report deals with the effects of digitalization on the cardiac response to
cyclopropane, to epinephrine and to epinephrine and eyelopropane.

PROCEDURE

The ventricular response to the intravenous injection of .01 mg.
epinephrine per kilogram was determined in 13 unanesthetized dogs.
The amine was diluted to 3 ec. with normal saline solution and injected
into the radial vein at a constant rate of 1 ce. per ten seconds. Eleetro-
cardiograms (lead II) were taken before, during, and after the injec-
tions; the image of the string was under constant observation for a ten
minute period beginning with the injection.

The animals were then anesthetized by rebreathing a cyclopropane-
oxygen mixture from a 3 liter bag, intubated with a cuffed endotracheal
tube, and connected through a soda-lime carbon dioxide absorber to a
100 liter bag containing a mixture of 30 per cent cyclopropane in oxygen.
After equilibration on this constant mixture for thirty minutes, .005 mg.
epinephrine per kilogram was injected intravenously and the duration
of the resulting ventricular irregularities determined from the electro-
cardiograms. In several of the animals .01 mg. per kilogram was in-
jected fifteen minutes later.

A week after the above controls had been established 9 of the animals
received .05 mg. per kilogram of ouabain, diluted to 20 ce. with normal
saline solution and injected intravenously during a fifteen minute period.
One hour after the completion of the injection the cardiac response to the
test dose of .01 mg. epinephrine per kilogram was determined as on the
control. The animals were then anesthetized and the duration of eyclo-
propane-epinephrine tachycardia determined as above.

* Made possible in part by a grant from the Wisconsin Alumni Research Foundation.
1 From the Department of Physiology, University of Wisconsin Medieal 8chool, Madison.
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Although the animals showed signs of digitalization as evidenced by
an increase in the P-R interval, it was decided to study the effects of
higher doses of ouabain. Accordingly, seven to ten days after the first
digitalization epinephrine controls were again established on the un-
anesthetized animals, and 6 were then injected with .07 and 4 with .08 mg.
ouabain per kilogram. Two animals received Digalen in doses equiva-
lent to .08 mg. of ouabain per kilogram. The cardiac response to the
test epinephrine injections was again determined both before and after
anesthetization.

Since 4.5 per cent diethy] ether has been shown to prevent cyclopro-
pane from sensitizing the heart to epinephrine (2), it was next decided
to determine if the control dose of epinephrine would cause ventricular
tachyeardia when digitalized animals were anesthetized with the cyclo-
propane-ether-oxygen mixture. Five dogs were again digitalized by the
intravenous injection of .07 mg. of cuabain per kilogram and the cardiac
response to epinephrine determined after the animals had been main-
tained for thirty minutes on a mixture of 20 per cent cyclopropane and
4.5 per cent ether in oxygen.

ResuLts axp Discussion

The effects of ouabain on cardiac automaticity of the dog are sum-
marizéd in table 1. Following .05 mg. per kilogram the P-R interval
increased in 7 of 8 unanesthetized animals. The heart rate decreased in
5 and remained unchanged in 2. In 7 of the 12 animals receiving .07 mg.
or more per kilogram the pacemaker was shifted downward from the SA
node, and the rate increased in the same animals. Six of the latter
group had ventricular rhythms, and one showed AV rhythm. Two
more had numerous premature ventricular contractions.

Central vagal stimulation and depressed conduction, cither from
direct action or through the vagus, account for the results with the lower
dose. Excessive amounts of ouabain increased the irritability of the
myocardium and thus caused ectopic beats and ventricular rhythms.
Depression of the normal pacemaker also contributed to the appearance
of these arrhythmias.

When digitalized animals were anesthetized with cyclopropane, 4 of
the ventricular rhythms caused by ouabain reverted to AV and one to
SA rhythm. Anesthetization also resulted in the disappearance of
ventricular premature contractions in 2 animals. However, this ir-
regularity did occur in dog 12 which had a normal sinus rhythm before
cyclopropane. This was the only one of the 21 anesthetizations of 13
digitalized animals in which the pacemaker was displaced downward
by cytlopropane.

he tendency for cyclopropane to shift the pacemaker of the over-
digitalized heart upward suggests that this anesthetic agent increases
the automaticity of supravertricular regions. The cardiac acceler-
ation which occurs when normal unpremedicated dogs are anesthetized
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TABLE 1
Errect oF OuaBaiN oN Carbiac AvroMaTicrty IN Doas
Unanesthetized
After After
Cyclopropane Qun- Cyclo-ether | Oua-
Tate P-R Interval Rhythm bain bain
Dog
No.
e | Do fagy After Al P-R P-R
fore |t | fore * | fore ter 3 ! -
Oua- D Oua- Qua- Oua- Qua- Rbythm  |Rate Inter- |Rhythm | Rate Inter-
my.fkg. sec. sec. sec. sec.
1] .05 75 60).14|.14-20] SA SA SA 851.14
2| .05 |125] 63|.12].16 SA SA SA 75].16
07 [133|175].121.12 SA ISA+V. Ex. SA 921.16 SA |136] .12
3{ .05 73{187].12 | — SA v AV 95| —
.07 88]214 .12 | — SA v AV 167| —
41 .05 75| 75].12 .04 SA SA SA 75 .14
07 | 80|185|.12] — SA v AV 135 — SA |107; .14
5| .05 75| 65].12 (.15 SA SA SA 115).14
07 | 68]100 .12 .14 SA |SA+V.Ex, SA 167 .12 SA |185) .M4
6| .05 | 60| 60}.14].16 SA SA SA 60}.16
07 | 70|190} .34 | — SA AV SA&AV | 90].14-16 SA |107] .16
7| 05 ]125] 94|.111.16 SA SA SA 100{ .16
.08 881136 .14 | — SA v v 1881 —
S| .08 [125(172.12 — SA v AV 105 —
9| .05 [125] 95].12|.16-.19( SA SA SA 100 .21
.08 |105[158].16 | — SA v AV4V.Ex|185| —
10| 07 | 70| 48[.12 .17 SA SA SA 100 .14 AV 1150 —
11| 08 (105 78].12|.14 SA SA SA 50 .16
10 | 63167 ).12 .16 SA v SA 185 .16
12| .08*! 70| 80|.14 .16 SA SA SA+V. FEx.|167].12
131 .08*} 75| 50!.16 |.16-.25| SA SA SA 80 .22-.28]

* Digalen equivalent to .08 mg. ouabain per Kilogram. V. Ex. = ventricular extrasystoles.

with cyclopropane supports this. It does not contradict sensitization
of the ventricle to epinephrine, for the epinephrine is more specific for
the ventricle as shown by ventricular premature contraction following
its injection in normal unanesthetized animals.

The effect of digitalization on the eardiac response to epinephrine
in unanesthetized animals is shown in table 2. In 21 of the 22 experi-
ments digitalization prolonged the ventricular irregularities resulting
from the test dose of epinephrine. In-the majority of cases the ar-
rhythmia was also of a more severe character. This confirms the obser-
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vations made on the cat’s heart by Wiethaup (3), McFarlane and Mas-
son (4), and Zunz and Sanchez de la Cuesta (5). Seevers and Meek
(6) reported that in the dog digitalization increased the number of eph-
edrine irregularities of the ventricular type.

TABLE 2

Tue Canpiac Response To THE INJEcTION of 0.01 Ma. oF EPINEPHRINE PER KILOGRAM IN
UNANESTHETIZED DOGS BEFORE AND AFTER OUABAIN

Dog No. Ousbain Cardinc lbh:'mmg ul:bfizinephﬁne Cardiac R‘?&m(;em Qg‘li':npinwhrine
my.[Ka.
1 .05 15" Ventricular rthythm 67" Vent. Ex.
2 05 No Ventricular effects 25" Vent. rhythm
07 15" Vent. rhythm 53" Vent. Tachy.
3 .05 30" Vent. Ex. VT before injection; AVR after
07 16’ Vent. rhythm VT before injection; SA & V after
4 05 25 Vent. rhythm 46"’ Vent. rhythm
07 23" Vent. rhythm VR before and after injection
5 05 30" Vent. Ex. 33’ Vent. rhythm
07 25" Vent. Ex. . 170" Vent. rhythm
6 C05 15" Vent. Ex.; 10” VR 55" Vent. Ex.; 30" Vent. rthythm
07 64" Vent. rhythm 44’* Vent. rhythm; 60"’ Vent. Tachy.
7 05 No Vent. effects 80" Vent. Ex.
.08 No Vent. effects 53" Vent. rhythm
8 05 25" Vent. Ex. No Vent. effects
08 No Vent. effects Vent. rhythm before epinephrine
9 .05 No Vent. effects 30" Vent. rhythm
08 35" Vent. Ex. 65" Vent. Tachy.
10 07 No Vent. effects 100" Vent. rhythm
1 .08 60" 3 SA 3V; 60" V. Ex. 52" VT; 60" VR; 50" V. Ex.
10 15" Vent. rhythm 60" Vent. Tachy.
12 .08* 20" Vent. rhythm; 10" V. Ex. 35" Vent. thythm
13 .08* No Vent. effects 45" Vent. rhythm

* Digalen equivalent to .08 mg. ouabain per Kilogram.

Epinephrine, in the doses employed in our study, stimulated the
ventricles as evidenced by premature ventricular contractions and ven-
tricular rhythm on the control injection. An agent such as ouabain
which depresses supraventricular centers and delays conduction in-
creases the duration and severity of the epinephrine irregularities.

In table 3 are summarized the effects of digitalization on the cardiac
response to epinephrine in anesthetized animals. In 24 of 27 experi-
ments the duration of eyclopropane-epinephrine irregularities was sig-
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TABLE 3

TrE Carpiac REsPoxsE To THE INJEcTiON oF EPINEPHRINE 1N ANESTHETIZED Dogs
BEFORE AND AFTER OUABAIN

Deep Cyclopropane Anesthesia Cyclo.-ether Anesthesia
Dor | b - , y
No- | “ring Cardiac Rosponse Qua- Cardisc Respome Cardisc Reaponse
ore OQuabain hain after Quabain after Ouabain
mg./Kg. mg./Kyg.
1| .005 | 15" VT; 25" Bigem. (SA+V)| .05 72" VT
.01 55" VT 05 Vent. Fib.
2] .01 |25"VT 05 62" VT
.005 | No Vent. effects .07 36" VT
01 |25 VT 07 | 937 VT No Vent. effects
3| 005 {40” VT .05 53" VT
005 |40” VT 07 Vent. Fib.
4 { .005 | No Vent. effects .05 32" VR
01 56" VT 05 54" VT
005 | No Vent. effects 07 (1207 VT
01 56" VT 07 | 130" VT 50" V. Ex.
51 .005 |33’ VT .05 63" VT
005 135" VT 07 (105" VT No Vent. effects
6} 005 |42"VT .05 42" VT
005 42" VT 07 73" VT No Vent. effects
7 | .005 | 30" Bigem. (SA & V) 05 25” VR
01 40" V. Ex. .05 68" VT
.005 | 30” Bigem. (SA & V) .08 | Vent. Fib.
S 45" Trigem. (28A & 1V) 05 17 VT; 20" V. Ex.
45" Trigem. (28A & 1V) 08 145" VT
9 35” VT 05 63" VT
35" VT .08 | Vent Fih.
10] 01 25" V.Ex. 07 7"VT 5"V Ex.
11 01 30” V. Ex .08 35" VT
.01 |30” V.Ex. .10 92" VT
12| 005 |28”VT 08* | 73" VT
13 | 005 |22”VT 08% | 35" VT

* Digalen equivalent to .08 mg. ousbain per kilogram. VT = ventricular tachycardia;
V Ex. = ventricular extrasystoles; VR = ventricular rthythm; Vent. Fib. = ventricular fibril-
Iation.

nificantly longer after digitalization. Four of the digitalized animals
died of ventricular fibrillation when they were anesthetized with cyclo-
propane and injected with the test dose of epinephrine.

Of the 5 digitalized animals anesthetized with the eyclopropane-ether-
oxygen mixture 3 showed no epinephrine arrhythmias. Of the remain-

$202 IMdy g uo 3senb Aq 4pd-¥0000-0001 L Z¥61-Z¥S0000/06668Z/+79/9/¢4Pd-8onIe/ABojoisayiseue/Bi0-byese:sqnd/:dny woy pepeojumoq



Nov., 1942 Response or DicitaLizep Heant 649

ing 2 one had five seconds and the other fifty seconds of ventricular
extrasystoles. However, when unanesthetized the same dose of epi-
nephrine had caused ventricular rhythm of one hundred seconds’ dur-
ation in the first animal. The second had a ventricular rhythm as a
result of the ouabain alone. This small series suggests that ether pre-
vents cyclopropane-epinephrine tachycardia in the digitalized dog, as
has been demonstrated previously for the unpremedicated animal.

SuMatary

Cyclopropane tends to shift upward the displaced pacemaker in over-
digitalized hearts. Four and a half per cent diethyl ether tends to pre-
vent cyclopropane-epinephrine tachycardia in digitalized dogs.

In unanesthetized dogs digitalization increases the severity and dur-
ation of ventrieular irregularities resulting from the injection of epine-
phrine. Digitalization has the same effects on cyclopropane-epinephrine
arrhythmias.

We wish to thank Dr. K. K. Chen, Eli Lilly & Co., for generously supplying the ouabain
used in this investigation.
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The Army is in need of anesthetists. Particular interest at the
moment is for trained men to be assigned to auxiliary surgiecal
teams. When any qualified man is ready to apply for a commis-
sion he should write to Lt. Col. B. N. Carter (). C.) U. 8. A,, 1818
H Street, Washington, D. C.
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