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THE CARDIAC ARRHYTHMIAS WHICH OCCUR SPONTANE-
OUSLY IN CATS DURING CYCLOPROPANE
ANESTHESIA *

C. R. ALLEN, Ph.D., J. W, StuTzMaN, Ph.D., R. Foreeaer, M.D., and
‘W. J. MEek, Ph.D. t

Madison, Wis.

Ir normal unpremedicated dogs are anesthetized with a mixture of 30
per cent cyclopropane in oxygen, the intravenous injection of .01 mg. of
epinephrine per kilogram will cause the sinus rhythm to change to ven-
tricular tachyeardia. This arrhythmia abruptly changes to ventricular
fibrillation in some of the dogs. Since the injection of a similar dose
of epinephrine into the unanesthetized dog does not precipitate these
arrhythmias, the conclusion is that cyclopropane sensitizes the heart of
the dog to injected epinephrine (1). The sudden collapse which im-
mediately followed the accidental administration of epinephrine to a
patient anesthetized with cyclopropane (2) suggests a similar sensitiza-
tion of the human heart.

‘The injection of epinephrine, however, is not necessary in order to
produce cardiac arrhythmias in the human while he is under the in-
fluence of eyclopropane. Taylor (3) reports that during 33,777 admin-
istrations of eyclopropane ecardiac arrhythmia occurred 2,202 times.
If the clectrocardiograph had been employed for the detection of all
cardiac arrhythmias instead of the procedure of merely noting changes
in the peripheral pulse, the percentage of cases showing abnormal
rhythms probably would have been higher than the 6.5 per cent reported.
This view is borne out by the electrocardiographie studies made by
Kurtz, Bennett and Shapiro (4).

There is evidence then for believing that as measured by arrhythmias
the human heart gives a greater response to cyclopropane than does
that of the dog. In light of this it seemed desirable to investigate the
action of eyclopropane on the heart of another laboratory animal, the
cat. Ever since the work of Levy, the cat’s heart has been thought to
be very sensitive to chloroform. If a similar irritability to cyclopro-
pane should be found, it would not only be an interesting fact in itself
but it would suggest the use of the cat’s heart in testing agents which
might reduce ventricular tachycardia.

\Ve have therefore investigated the cardiac arrhythmms that ocenr’

in unpremedicated cats during cyclopropane anesthesia; the cardiac re-
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sponse to the intravenous injection of epinephrine; the significance of
the arrhythmias; their relation to the oxygenation of the blood; and the
prevention of these cardiac irregularities.

Procebpure aND ResuLTs

The cats were anesthetized by rebreathing a mixture of cyclopropane
in oxygen from a child’s-size face mask attached to a 5 liter rubber bag.
An endotracheal tube was then inserted to insure an open airway and
the animal connected through a 100 ce. capacity soda lime carbon di-
oxide absorber to a 1 liter rubber bag which was in turn eonnected to a
100 liter reservoir containing the desired coneentrations of the anes-
thetic mixture. The 1 liter bag was emptied and refilled from the reser-
voir every five minutes in order to subject the animal to a constant
concentration of the anesthetic agent.

Forty-three normal unpremedicated cats were anesthetized and
maintained on a mixture consisting of 30 per cent cyclopropane in
oxygen for a period of thirty minutes. This concentration of cyclopro-
pane will maintain eats in deep surgical anesthesia with partial or com-
plete intercostal paralysis.  Three of the cats subjected to this con-
centration required artificial ventilation in order to assure adequate
oxygenation. The cardiac response to the anesthetic agent was ob-
tained through constant observation of the beam of the electrocardio-
graph, with electrocardiograms (lead IT) being taken whenever the car-
diac rhythm changed. Usually the cats presented a normal sinus
rhythm for one or more minutes after the induction, intubation, and
connection to the constant mixture of cyclopropane in oxygen. Various
cardiac arrhythmias then occurred. The ventricular arrhythmias which
oceurred were periods of a few scattered ventricular extrasystoles,
periods during which many ventricular extrasystoles appeared, periods
of bigeminal rhythm consisting of alternate auriculo-ventricular nodal
and ventricular beats, and ventricular tachycardia. In most instances
there was an auriculo-ventricular rhythm when ventricular extra-
systoles occurred. At times the sinus would reassert itself and the nor-
mal rhythm prevail for a few minutes or for the duration of the thirty
minute period of anesthesia. .Table 1 presents the summary of the
arrhythmias that occurred in each cat. The two animals which died be-
cause of ventricular fibrillation during their induction and intubation
are not listed in the table. During the thirty minute period of anes-
thesia Cats 14, 16, and 23 gave the most severe responses to the cyelo-
propane. Their hearts were in ventricular tachycardia for periods of
twenty-seven, twenty-eight, and twenty-five minutes, respectively. Cat
4 was the only animal that failed to develop an arrhythmia during its
thirty minute period of anesthesia. One week later 9 of these cats were
again subjected to a 30 per cent concentration of cyclopropane for a
thirty minute period. The results of the latter period may be compared
with those obtained during the first anesthetization by observing table
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1. The duration and the type of ventricular irregularities of each cat
for this period were not always similar to those shown in the previous
experiment, but all of the animals did show spontaneous ventricular
arrhythmias both times.

Since the heart of the cat develops spontaneous ventricular arrhy-
thmias when it is subjected to anesthetic concentrations of cyclopropane
and the heart of the dog while under a similar influence does not, it was
decided to see if the cat’s heart would also show a greater response to
injeeted epinephrine during cyclopropane anesthesia than does the heart
of the dog under these conditions. The intravenous injection of a dose
of .01 mg. of epinephrine per kilogram into the normal dog while it is
anesthetized with 30 per cent cyclopropane is regularly followed by the
production of ventricular tachycardia. In at least 10 per cent of all
dogs subjected to this procedure the ventricular tachyeardia terminates
immediately in ventricular fibrillation. We believe that a dose of .04
mg. of epinephrine per kilogram will fibrillate all normal dogs during
deep cyelopropane anesthesia provided the adrenolytic action of the
evelopropane (5) has not developed. Six cats anesthetized with 30 per
cent cyelopropane were injected intravenously with .01 mg. of epine-
phrine per kilogram. Some of the hearts were arrhythmic at the time
of the injection. The cardiac responses to the injections are summar-
ized in table 2. None of the hearts fibrillated. Ten miitutes after the

TABLE 2

Canpiac Resroxse or Cats 1o INTRAVENOUS INsECTIONS o ErixernmiNe Durine Deep
CYCLOPROPANE ANESTHESIA

Cardiac Rhythm
Cat | Adrenali
No. Dose -
Before Injection After Injection
mg./kg. .
13 01 SA 20" bundle branch block; SA
29 01 AV+M VEx no change
33 01 SA +M VEx AV+M VEx
34 01 AV+4+M VEx 60" VT; SA
35 01 SA no change
37 .01 vT no change
29 O AV+M VEx no change
3 ki vT 60” VT; AV+M VEx
3 05 SA 120" VT; SA
35 05 SA 60" VT; AV+M VEx
37 05 SA 65" VT; S8A

first injection 5 of the cats were again injected. The dose this time
was .04 or .05 mg. of epinephrine per kilogram. The heart of Cat 29
was in a bigeminal rhythm and the heart of Cat 33 was in ventricular
tachycardia before and during the injection. None of the 5 cats fibril-
lated. These results are also summarized in table 2. While a total
of 11 epinephrine injections into 6 cats is too small a number to justify
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a conclusion, the results at least suggest that the heart of the cat is no
more sensitive and probably less sensitive to injections of epinephrine
during eyelopropane anesthesia than is the heart of the dog.

It is generally believed that cats spontaneously develop cardiac
arrhythmias during light chloroform anesthesia. We decided to com-
pare the effects of this agent in a constant mixture with the cardiac
effects of cyclopropane under similar conditions. Six cats were in-
ducted with chloroform by the open-drop technic, intubated, and con-
nected through a carbon dioxide absorber to a bag containing an anes-
thetic mixture consisting of 12 ce. of chloroform vaporized in 80 liters
of oxygen. This mixture is satisfactory for maintaining cats in very
light surgical anesthesia. After thirty minutes of light anesthesia the
cats were subjected to higher concentrations of chloroform which were
administered by the open-drop technie. . The animals were maintained
by this method in deep surgical anesthesia as evidenced by partial or
complete loss of intercostal muscular activity. After ten minutes of
deep chloroform the anesthesia was suddenly reversed by administering
100 per cent oxygen. The summary of the results of this investigation
and the comparison with the arrhythmias that occurred in the same cats

during cyclopropane anesthesia may be found in table 3. Our impres-

. TABLE 3

SroxTANEOUS CARDIAC ARRHYTHMIAS 1IN CaTs During CycLorroPANE AND DuriNg
CHLOROFORM ANESTHESIAS

gunl 30 of 307gnC5;:loProplne 3‘9.'_0( l'iuht 10'(0( Deep Ehll:)‘lrg)rm R lerin_g l:le:hu;% % o

28 | 77 M VEx, 3'F VEx | None AVR 45 M VEx; 8A

20 | 1”VT, 11’ M VEx 3’ bigem. (SA+V) | 4 bigem. (AV+V) 6’SA+F VEx; SA
3’'F VEx

30 17" M VEx AVR AVR none; SA

31| 4°VT,5'M VEx, None None none; SA
17'F VEx

32| ¥ MVEx,3'FVEx | 25'AVR 10’ bigem. (AV+V) | 45’ bigem.

(AV+V); SA
40 | ¥ M VEx, 7’ FVEx | None None 3'VT; SA

sion was that the arrhythmias that occurred during chloroform anes-
thesia appeared following changes of the anesthetic concentration,
especially after reversal with 100 per cent oxygen. When the cats were
subjected to constant mixtures of ehloroform and oxygen very few ar-
rhythmias ocecurred. These findings confirm the earlier observations of
Goodman Levy (6) that *“if a cat be anesthetized gradually with chloro-

form and kept quiet and undisturbed the whole time, the heart con-

tinues to beat regularly even when the anesthesia is light.”’

Five cats, numbers 33 through 37, were anesthetized with diethyl
ether for a period of thirty minutes. No ventricular irregularities
occurred. The arrhythmias in these- cats during cyclopropane anes-
thesia are recorded in table 1. The tendency of cyclopropane to pre-
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cipitate ventricular irregularities in cats seems to be much stronger
than either that of chloroform or that of ether.

In order to see whether low blood oxygen concentrations existed
during spontaneous arrhythmias arterial blood samples were drawn
over mercury.while the animals were presenting ventricular irregular-
ities. Table 4 summarizes thé results of the blood gas studies. On

TABLE 4

BLoop Gas StupiEs IN CATS WITH SPONTANEOUS VENTRICULAR IRREGULARITIES
ON A 30% CrcrorroPANE 1¥ 02 MixTURE

‘\::: nv'ﬁ’%' ‘{]rum ‘7.ll % Baturation \lﬂl.mga lsl-ycl‘;- Blﬁ g:)’ Rhythm
2 118 10.6 76 113 213 55. Many v. ex.
3 13.7 102 91 Many v. ex.
6 10.9 8.4 85 10.2 19.1 61.2 V.R.
7 10.9 8.0 89 10.9 20.5 499 Many v. ex.
9 123 92 89 11.1 20.9 434 Many v. ex.
20 13.0 9.2 o4 111 20.9 44. V.T.
21 174 14.2 85 13.1 247 41.2 Many v. ex.
24 16.3 13.0 86 11.9 224 45.7 V.T.
25 18.3 15.0 o4 14.2 26.7 41, A V.o V.T.
26 11.6 10.8 725 13.0 245 483 V.T.
Duplwate analysa on arterial blood samples in all cases. In calculating percentage satura-
tion of h in physlml solution was calculated as 1.6 vol. per cent (corre-
ding to an alveol. oxygen of 65 per cent).

other occasions some of the cats were hyperventilated while their hearts
were in ventricular tachycardia. The ventricular tachycardia persisted.
We believe that there is no correlation between the spontaneous cardiae
arrhythmias that occur in cats during cyclopropane anesthesia and
hypoxemia.

The effects of different anesthetic concentrations were next observed.
The results are presented in table 1. Fifteen cats were subjected to a
concentration of 20 per cent cyclopropane in oxygen for the thirty min-
ute test period. This concentration of the anesthetic agent produces
light surgical anesthesia in the unpremedicated cnt Six of the cats
sllowed no ventricular irregularities at all, and in 7 of the 9 cats re-
maining the arrhythmias that did occur were less severe. Eight cats
were subjected to 35 per cent and 5 other cats to 40 per cent cyclopropane
for a thirty minute period. Adequate artificial ventilation was produced
throughout these experiments. The ventricular irregularities that
occurred at these higher concentrations of the anesthetic agent were not
significantly worse than when the cats were subjected to 30 per cent
cyclopropane. Twelve cats were changed abruptly from a 30 per eent
cyclopropane mixture to a 60 per cent mixture and maintained on the
latter for ten minutes. The arrhythmias that existed immediately
before the change usmally persisted. The cardiac irregularities did
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not become worse nor did they tend to disappear at this higher concen-
tration of cyclopropane.

To ascertain whether surgical manipulations may project a heart
that is already arrhythmic into ventricular fibrillation various ma-
neuvers were employed. Sensory stimulation by repeated dilations of
the rectum with a hemostat was applied to 43 cats, many of which were

showing ventricular arrhythmias at the time. In 7 of the experiments

the heart was already in ventrieular tachycardia at the time of stimula-
tion, and in each case this cardiac arrhythmia persisted. In 17 experi-
ments, however, the rectal stimulus of fifty seconds’ duration was fol-
lowed by more severe ventricular irregularities than existed at the
beginning of the stimulation.

Each of 3 cats had its abdomen opened and traumatic insults applied
while the heart was showing spontaneous cardiac arrhythmias. The
peritoneum was scraped and stretched and the gall bladder, urinary
bladder, and uterus squeezed and vigorously pulled upon during suc-
cessive intervals of the period of cyeclopropane anesthesia. The ad-
renals were massaged. Although the arrhythmias after some of these
procedures became worse, we feel that too much emphasis should not
be placed on such changes because of the tendency of the cardiac rhythm
to change spontaneously. In no cat was sensory stimulation or adrenal
massage followed by ventricular fibrillation.

The prevention of the spontancous ventricular arrhythmias was next
studied. Beattie, Brow and Long (7) observed that the cardiac ar-
rhythmias of cats during chloroform anesthesia would change to a
sinus rhythm following forced lung distention. Neither held forced
lung distention nor vigorous hyperventilation was effective in abolish-
ing the cardiac arrhythmias due to cyclopropane.

F883 (diethyl-amino-methyl-benzo-dioxane) in doses of 2.0 mg. per
kilogram will prevent the appearance of cyclopropane-epinephrine
tachycardia in dogs. Thirteen cats were injected intravenously with
doses of 2 or 5 mg. of F883 per kilogram ten minutes before the cyclo-
propane anesthetic was administered. One other cat had 20 mg. of
F883 injeeted subcutancously. In table 5 the cardiae rhythm in the
cat when subjected to F883 and 30 per cent cyclopropane may be com-
pared to the cardiac response that occurred when the heart was subjected
to 30 per cent cyclopropane alone. The protection was not always
complete, especially when doses of 2 mg. per kilogram were used. When
a dose of 5 mg. of F883 per kilogram was given to 9 cats, 6 of the cats
developed no arrhythmias during the thirty minute period of anes-

thesia, 1 cat was partly protected, and 2 cats showed no evidence of

protection from eyclopropane arrhythmias.

Previous work on dogs (8) demonstrated that if a mixture of 20 per
cent cyclopropane in oxygen has sufficient diethyl ether added to it to
maintain that animal in deep surgical anesthesia with partial or com-
plete intercostal paralysis that animal does not have ventricular tachy-
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TABLE 5

ProtecTIvE AcTioN OoF F883 AGAINST SPONTANEOUS ARRHYTEMIAS IN CATS
DURING DEEP CYCLOPROPANE ANESTHESIA

837

Duration of Ventricular Arrhythmias in Thirty Minute Periods
Cat F883
No. Dose
Without F883 Premedication ‘With F883 Premedication
me. kg
3 20 5'VT, 7' M VEx, 10’ F VEx 2'M VEx, 9’ F VEx
12 2.0 14°VT, 5’ M VEx, 2'F VEx none
14 5.0 30’ bigem. (AV+V) 2'M VEx, 4' F VEx
16 2.0 6’ bigem. (AV+V), 9’ M VEx none (10’ AVR)
18 2.0 2'F VEx 8'M VEx
24 2.0 5'VT (24’ AVR) none (8’ AVR)
25 5.0 18’ VT, 2'M VEx none
26 50 5'VT, 10' M VEx , none
27 5.0 10' M VEx none
5% 5.0 7'M VEx, 3'F VEx none
29 5.0 1’VT, 11’ M VEx, 3' F VEx 9'M VEx
30 5.0 17" M VEx none
31 5.0 4 VT, 5'M VEx, 17’ F VEx none
32 50 8’M VEx, 3'F VEx 15'M VEx

* F883 was injected subcutancously in Cat 24. The intravenous route was used for all other

injections.

cardia following the injection of the usual dose of .01 mg. of epineph-
rine per kilogram. Twelve cats were anesthetized and maintained on
such a cyclopropane-ether-oxygen mixture for thirty minutes. Table
G presents the response of the cat heart during thirty minute periods of
exposure to a 20 per cent cyclopropane in oxygen mixture, to the cyclo-
propane-cther-oxygen mixture, and to a 30 per cent cyclopropane in

TABLE 6
CompanrtsoN or SpoNTANEOUS CARDIAC ARRHYTHMIAS IN CATS DURING LigHT CYCLOPROPANE,

Ligar CycLorroPaNE PLus ETHER, AND DEEP CYCLOPROPANE ANESTHESIAS

Duration of Ventricular Arrhythmias in Thirty Minute Periods
Cat
No. . Cyel Cyel
mh(l: {)‘x)’mn %lh« in Omnm E#’ mh: Oxygen
1 {1’ VR, 1’ trigem., 4'F VEx (20’ AVR) 3 |5 VT,8'MVEx
(24’ AVR)
2{1"M VEx (25’ AVR with 1 VEx/60') | 3 |8'VT, 5’ bigem.,8'M VEx,
5'F VEx
3|6'VR,11’M VEx 22'F VEx 3 |5 VT, 7”MVEx, 10'F VEx
6 [3'F VEx 16’M VEx, 3'F VEx 3 |6'VT,4MVEx (1l AVR)
7(15°M VEx 6'M VEx, 7' F VEx 3 |12'’M VEx,5'F VEx
9 | none none 3 19’ M VEx,3’F VEx
10 | none (26" AVR) 12'F VEx 3 |[I'VT, (29’ AVR)
33 | 13’ M VEx, 6’ F VEx | 4’ trigem. (2AV+1V) 4} |24°'M VEx
34 | 23’ trigem. (28A+1V)| 7'M VEx 4} |12°VT, 15°M VEx
35{5"M VEx, 1’F VEx | none 4} [22'M VEx
36 [13'M VEx none 4} |21’ bigem.
37 | none none 4} | 13’ bigem., 14° M VEx
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oxygen mixture. The advantage of using the cyclopropane-ether-oxy-
gen mixture for anesthesia in the cat is that it affords deep surgical
anesthesia without the spontaneous arrhythmias that would be present
if the necessary 30 per cent concentration of cyclopropane were used
and no ether added. Since this cyclopropane-ether-oxygen mixture
appears to retain the speed of induction and of recovery that accom-
panies cyclopropane yet has the added advantages of stimulating res-
piration and of giving more complete abdominal relaxation in both cats
and dogs, this anesthetic mixture is preferred to either agent alone.

Summany

1. Normal cats develop cardiac arrhythmias consisting of ventrie-
ular extrasystoles, bigeminal rhythms, and ventricular tachyecardia
when anesthetized with cyclopropane concentrations amounting to 30
per cent or more. In unpremedicated cats subjected to 20 per cent
cyelopropane the incidence of arrhythmia is markedly reduced.

2. Ventricular fibrillation did not occur in the cats that were anes-
thetized with 30 per cent eyclopropane and then injected intravenously
with doses of .04 or .05 mg. of epinephrine per kilogram. Since ven-
tricular fibrillation regularly follows a similar treatment of the dog, it
appears that the cardiac response of the cat to injected epinephrine
during deep cyclopropane anesthesia is less than that of the dog.

3. Spontaneous ventricular arrhythmias occur much more frequently
during cyclopropane anesthesia than during light or deep chloroform
anesthesia, and rarely occur during ether anesthesia.

4. Ventricular irregularities in cats anesthetized with 30 per cent
cyclopropane are not due to hypoxemia.

5. Ventricular fibrillation did occur spontancously in 2 cats during
induetion and intubation. Once the cat has equilibrated to the con-
stant mixture the spontaneous arrhythmias that occur are not apt to
terminate in fibrillation spontancously, or as the result of increased
cyclopropane concentrations, or as the result of sensory stimuli pro-
duced by surgical insults. ’

6. The spontaneous arrhythmias were not abolished by forced lung
distention nor by vigorous hyperventilation.

7. F883 in doses of 5 mg. per kilogram afforded partial protection
against the arrhythmias. '

8. When a mixture consisting of 20 per cent cyclopropane and 4.5
per cent diethyl ether in oxygen was employed as the anesthetic agent

the depth of anesthesia was similar to that obtained when 30 per cent.

cyvclopropane in oxygen was used and the spontancous eardiac arrhyth-
mias that did occur were less severe than these that oceurred when 20
per cent cyclopropane in oxygen without ether was used.
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MEETINGS OF THE NEW ENGLAND SOCIETY
OF ANESTHESIOLOGY

‘WHITE AUDITORIUN, MASSACHUSETTS GENERAL HoSPITAL,
BosToN, Mass.
October 13, 1942—8 P.M.
The Role of an Anesthesiologist in the Army.

By Major Stevens J. Martin, M.C., Chief of the Section on Anes-
thesia, Tilton General Hospital, Fort Dix, N. J.

AuprTortuy, MassacHuseTTs GENErAL HospitaL,
Bostox, Mass.

November 10, 1942—S8 P.M.
New Concepts of Morphine Analgesia.

By Dr. Donald Slaughter, Professor of Pharmacology, College of
Medicine, University of Vermont, Burlington, Vt.
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