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THE ANESTHETIC PROPERTIES OF CYCLOBUTANE °* {

Leroy D. Vanpan, M.D.,} anp Roeerr D. Drirps, M.D.
Philadelphia, Pennsylvania

me@yenszese//:dpy woy papeojumog

Some twenty years have elapsed since the anesthetic properties
cyclopropane first were described (1, 2). In this interval, as a resu
of many clinical and pharmacologic observations, the advantages
disadvantages of cyclopropane have become upparent. The majar
advantages of this agent for general anesthesia are the ease of contrd},
the potency, and the rapidity of induction and emergence. In certaig
situations other favorable attributes may be the depressant effect o8
respiration which leads to ready control of that function and an eﬁe@
on the finer peripheral blood vessels, giving rise to compensatory
vascular reactions during blood loss or some types of shock (3). Om
the other hand, cyclopropane is a combustible agent; it may produce
characteristic types of cardiac arrhythmias and elevation of the arteri
blood pressure, cause respiratory acidosis, and, possibly, provide leéfs
muscular relaxation than diethyl ether. For these reasoms, cyclé
propane remains a controversial drug. A substitute for eyclopropary
which retains the favorable and lacks the undesirable qualities won
be a valuable addition to the inhalational agents at hand. 3
As part of a program designed to discover better anesthetic agents
Krantz and co-workers bave synthesized and investigated the properti®
of cyclobutane the next higher homologue of cyclopropane (4, 5). Thig
report presents our observations of the effects of cyclobutane in humaf
beings.§ Preliminary studies by Krantz have been seant owing main
to the small supply of anesthetic available. Cyclobutane is synthesiz
by means of an expensive and cumbersome process. This gas &
combustible. Its physical characteristics (4) suggest that it shou
behave like eyclopropane. With a standard test dose of epinephring,
cyclobutane already has been shown to produce multifocal ventriculsf
tachycardia in dogs. Thus, in order to replace cyclopropane, cyclg-
butane would have to perform far better than its congener. This has
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been the measure by which the suitability of cyclobutane has be
judged and found wanting.

CrixicaL MaTeriaL aAND METHODS

dg| wouy papeogmoqg

Cyclobutane was used to anesthetize 12 women who were to under,
minor gynecologic operations. The ages and estimated physical staty
of these patients are listed in table 1. All were in good health, withogit
complicating ailments. Each subject was given morphine sulfate,;8
to 10 mg., and scopolamine hydrobromide, 0.3 to 0.6 mg., by hypodemﬁc
mJectlon one hour before anesthesia was begun. Cyclobutane w&s
given by means of a closed circle carbon dioxide absorptlon system
through cyclopropane flowmeters in the same manner in which cye
propane usually is given in this clinic. Administration was begun
with a reservoir bag containing only oxygen, and cyclobutane agd
oxygen in equal volumes were administered until the surgical stage Ef
anesthesia was reached. Thereafter, the concentration of cyclobutesie
was decreased and kept at levels suitable for maintenance of anesthesfa
in the first or second plane. Respiration was assisted or controllex
if necessary. The pulse rate and arterial blood pressure (by the
auscultatory method) were measured at frequent intervals. In half
of the cases, electrocardiograms were made whenever irregularities of
the pulse were detected. Measurements of inhaled and hemal concentt%-
tions of cyclobutane, oxygen and carbon dioxide were not made dun&
these studies.

OBSERVATIONS

0/L1621C);

1. Controllability and Potency. The times for induction of anes-
thesia ranged from three to ten minutes (table I). Although cycls-
butane seemed not to be irritating to smell, induction was uneventf'ﬁl
in only 2 cases. In 6 there was mild to severe excitement and coughmg,
breath holding, and laryngospasm occurred in others. The onset of
the third stage was readily detected by the loss of lid tone, reln.xntx&
of the jaw or beginning respiratory depression. The signs of the ﬁrat
plane of the third stage of anesthesia, ocular movements, lncrlmntx@,
and pupillary responses, were clearly seen. In 2 cases there was pupil-
lary dilatation when the other signs indicated deep first or second plafe
anesthesia. Despite relatlvely long periods of inhalation of cyclp-
butane, it was impossible in most cases to attain deeper anesthesia evén
if assisted or controlled respu‘ntlon were in effect. This suggestedoa
diminished potency in comparison to cyclopropane. Little can be said
of the effect on muscular relaxation because the operations were sugh
as not to test relaxation, nor can any definite statement be made aboat
excess bleeding, for the same reason. Emergence from anecsthesia wB?s
generally uneventful but surpnsmgly prolonged, extending to seveh-
teen and twenty-three minutes in 2 patients. It cannot be concluded
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w)
from these observations that cyclobutane was more or less potent tha§
cyclopropane. g
2. Respiration. In 9 of the 12 cases there was early and progred
sive depression of the volume of respiration. This began during indues
tion in one subject, and in 2 others apnea resulted at the end of five an
eight minutes, respectively. In all patients it was necessary to assigt
or control respiration early during anesthesia. Thus, with eyclobutang;
the possibility for the development of respiratory acidosis was usual
present. The relationship between respiratory acidosis and arterigl
blood pressure changes during and after anesthesia with cyclopropamg
has been discussed by Dripps (6). Similar changes, therefore, weid
expected with cyclobutane. g
3. Circulation. If there were changes in arterial blood pressu%
the direction was always toward hypertension. This occurred in
individuals in whom both the systolic and diastolic levels were elevated,
with a greater elevation of the systolic pressure, similar to the changes
usually found with cyclopropane (7). In one case hypertension was
marked. In no case did hypotension oceur, although neither the dep&
of anesthesia nor the operation performed would have favored this. ©
Of all the findings, the most consistent and striking was the appeag-
ance of alterations in cardiac rate, rhythm, or both. These were noted
in 11 of the 12 patients anesthetized. The changes were detect
carly in the course of anesthesia and became worrisome if allowed gb
persist. Bradycardia was observed in 7 individuals as the level &
anesthesia deepened, and was often the prelude to a serious arrhythmij.
All of the arrhythmins oceurred in extremely light planes of anesthesia
(appearing from four to fourteen minutes after induction was begur.
Within these time intervals, irregularities were detected by palpatign
of the pulse in 9 indivduals, and tachyeardia with ventricular ratgs
ranging from 120 to 240 per minule soon followed. The duration &f
these arrhythmias was from a few to ten minutes, depending on
measures laken to combat the irregularities. In no case did the
arrhythmias disappear quickly in spite of emptying of the anesthefie
reservoir bag and repeatedly inflating the lungs with oxygen. Agegs
such as atropine or procaine amide were not employed to treat tBe
arrhythmias, although theoretically they might have been effectige.
Changing the anesthetic agent to diethyl ether was easily accofi-
plished and seemed to help terminate cardiac irregularities. A gréat
variety of effects was seen in the electrocardiograms. The usgal
sequence of changes, however, was the initial appearance of brady-
cardia followed by displacement of the normal pacemaker, A-V nodal
rhythm, ventricular premature contractions, interventricnlar condge-
tion defeets, multifocal ventricular rhythm, and short runs of ven-
tricular tachycardia, more or less in that order. A typical sequeite
may be seen in figure 1. Some of the tracings were so bizzare as™o
defy diagnosis. In one subject the arrhythmias could be made to
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F10. 1. Belected tracings, in order, from a i lect: di 1@

5
g
2ge 19. All tracings are lead 2, A, Normal, before induction of hesia with eyelob &
After induction of anesthesia. B, nodal tachycardia, rate 110, C, Nodal tachycardia of
auricular fibrillation, and coupled supraventricular beats with ventricular extrasystolem
D, Run of rapid supraventricular beats, probably auricular fibrillation, rate 220, and ventricula®
extrasystoles. E. Multifocal ventricular tachyeardia, rate 200. F. Bupraventricular beats
with 8 wandering pacemaker coupled with ventricolar extrasystoles.

Ql uo

appear and disappear at will, depending upon whether more or lesg
cyclobutane were supplied. It was interesting that the blood pressure:
did not decline during these episodes. In these findings there was the®
an exact counterpart of the electrocardiographic changes which také
place in experimental animals both with cyclopropane and cyclobutane
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and of the changes which have been observed during cyclopropéne
anesthesia in man (8, 9). g:
' Discussiox =
o

The foregoing observations indieate that cyclobutane given3to
human beings mimics the action of cyclopropane in many ways, with
some exaggeration of the usuzl cyclopropane phenomena. Howe\mr,
induction of anesthesia was not rapid, there was question as to potexfgy,
and emergence was sometimes prolonged. Reduction of the mingate
volume of ventilation, arterial hypertension and characteristic cnrdinc
arrhythmias were seen. In administering cyclobutane, the techm@'ue
followed was that ordinarily used for cyclopropane so that a cgn-
parison could be made between the two agents. In so doing, somegof
the physxologlc effects of cyclobutane may have been enhanced. Por
example, it is known that morphine given for the preoperative mediga-
tion will increase not only the respiratory depressant qualities of cydo-
propane but the vagal effect on the heart as well. If, as the physigal
properties suggest, cyclobutane is slightly less soluble in blood t&n
cyclopropane, the former is likely to accumulate in the blood mére
rapidly. If the same inspired tensions of anesthetic were employed
for each agent, those effects of cyclobutane which depend on levelsSof
anesthetic attained in the cirenlating blood might be exaggeratgd.
The respiratory and circulatory changes support this hypothesis.
Were these experiments to be repeated without morphine, withZa
greater quantity of atropine, and with lesser inspired tensions of gl
the characteristics of cyclobutane described by us might have beén
less evident. Nevertheless, preliminary tests should define those llr@ts
beyond which the use of an agent may not be extended.

‘Whether induction of anesthesia was more rapid with cyclobutqglc
than with cyclopropane cannot be established from these trials. If,
as Kety (10) and others have shown, it is the relative solubility in bldBd
of the nnesthetic agent which primarily determines the speed of indge-
tion of anesthesia, all other factors being equal, one might expect ind#se-
tion to be slightly faster with cyclobutane. The Ostwald solubil@y
coefficient for cyclobutane is 0.138 at 27 C. (4) indicating less solubi
than that for cyclopropane with a coefficient of 0.248. It should notthe
assumed that increasing the rapidity of induction with mhalatlonal
agents is an unmixed blessing. If the agent is potent, a rapidly i mcregs-
ing tension in blood may lead to early undesirable respiratory a®d
cardiac effects. Such may be the case with cyclobutane. The poten_?;y
of cyclobutane seemed to be less than that of eyclopropane, for difficulty
was experienced in attaining deeper levels of surgical anesthesia. Itgls
difficult to rationalize this observation other than to state that narcofic
potency has not yet been related to any one set of physical charact@'-
istics.

The great deterrent to further investigation was the high incidence
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of undesirable circulatory changes. A decrease in the minute volumg
of respiration may have provided the background for the circulatory
phenomena seen. Carbon dioxide retention has been linked to the
development of hypertension during cyclopropane anesthesia and i@
sometimes the basic disturbance leading to cardiac arrhythmias (6, 11§
It is not the purpose of this paper, however, to discuss further thosg
factors leading to arrhythmias. In 11 of the 12 patients anesthetlzea
with cyclobutane, there were alterations in eardiac rate of rhythm tﬁ
hoth. ~Although the same changes have been seen from time to timg
during cyclopropane anesthesia, it is doubtful that there would hav&".
heen an equal number of arrhythmias in a group of normal persons
given eyclopropane by those accustomed to using it. The figures mos
readily available for comparison are those reported by Kurtz, Bennef}
and Shapiro (9). Of 41 patients anesthetized with cyclopropane, man%
with heart disease, the incidence of arrhythmias was less than 30 ped
cent. Multiple focus ventricular tachycardia developed in 4 patlentm
It was interesting that the arrhythmias developmg under cyclobuttu{p
arose during light planes of anesthesia. There is disagreement as {9
the time of appearance of arrhythmias during cyclopropane anesthemg
Some say arrhythmias appear only during deep anesthesia while others
maintain that a zone for development of arrhythmias can be by- passea
by increasing depth. It is more likely that the tension of anestheti®
in circulating blood and auxiliary factors of oxygen lack, carbon dioxids
retention, and vagal tone are responsible for the time of nppearancg
of arrhythmias.

Summary anp CoNcLustox

08®/.26212/8

Cyclobutane proved to be an inhalational anesthetic agent which
mimics many of the pharmacologic actions of its homologue, cycl®
propane. However, induction of anesthesia was usually stormy and
not rapid, relative potency was not definitely defined, and emergendg
was sometimes prolonged. Reduction of respiratory exchange, arterial
hypertension, and bradycardia were common occurrences. The ong
standing finding was a high incidence of cardiac arrhythmias which
were resistant to treatment. Although it is possible that under tig
conditions of performance of these clinical tests the undesirable chaf?
acteristics of cyclobutane may have been exaggerated, it seems doubtfil

that this drug holds much promise as a clinical anesthetic agent. ;
=
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