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Preface to the Second Edition

There are many reasons for our desire to prepare a second
edition of the monograph Cyclopropane Anesthesia at the present
time. During the eighteen years that have elapsed since the first
edition, the results of many studies have been reported which
help to explain certain of the clinical questions to which there
were no satisfactory answers available earlier. Also many studies
in the laboratory and in the clinic have been made in an attempt to
explain, prevent, or to correct the various cardiac ahnormalities
that may occur during anesthesia with cyclopropane. We feel that
it is desirable to assemble these data in a single text and to present
to the student of cyclopropane a unified discussion of the subject.

The apparent increase in the use of cyclopropane in clinical
anesthesia as indicated by (1) the writings of several anesthesiolo-
gists that cyclopropane should be used more widely, and (2) a
statement from one of the leading distributors of anesthetic gases
in the United States, that there had been a steady and continuous
increase in the use of eyclopropane during the past five years and
that the amount distributed by them in 1957 was 50 per cent
greater than that in 1953, and (3) a quotation from the report
of the division of Synthetic Chemicals of the U. 8. Tariff Commis-
sion that the sale of cyclopropane had increased from 67,000
pounds in 1931 to 116,000 pounds in 1956, would lead one to the
conclusion that a new edition of a monograph was necded.

The introduction of the relaxing agents in 1942 and the wide-
spread use of one of them at the present time make the use of
cyclopropane even more satisfactory, in that the lightest planes of
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viii PREFACE TQ THE SECOND EDITION

anesthesia are adequate for surgery where the relaxation is pro-
vided by another agent.

The general outline of the first edition has been followed very
closely in the new one with major changes in the text of all but
three chapters and the addition of a chapter upon the relaxing
agents. The greatest changes have been made in Chapters 2, 3,
4, and 8.

The present edition retains thirty-six of the old figures to which
thirty-eight new ones are added; thirty-nine of the old tables with
fifteen new ones added; and the present bibliography includes
about one hundred, seventy-five new titles of the more significant
reports that have been made since 1939.

I am indebted to many individuals for help in the preparation
of this monograph, particularly to my associate Dr. Lawrence G.
Schull for his assistance in carrying an excessive share of my teach-
ing load during the past three months, to members of our Depart-
ment of Illustration, to our library staff, and especially to my
efficient and cooperative secretary, Mrs. Arthur Briggs, for her
patience in the preparation of the manuscript. My thanks are due
the publishers, The Williams and Wilkins Company, for their
cooperation in accepting the manuscript and preparation of the
book.

Bensamiy Howarp Rossins, M.D.
Nashville, Tennessee
March 12, 1958



Foreword to First Edition

The world owes more, perhaps, than it realizes to Dr. Velylen
E. Henderson, who, after years of work on anesthesia, in 1928
discovered with Dr. G. H. W, Lucas the anesthetic properties of
the gas cyclopropane. This dizcovery by Dr. Henderson and Dr.
Lucas is one of the most satisfactory examples of modern pharma-
cology. These workers were led by their experiments to investigate
evelopropane, which at that time was a mere curicsity of the
chemical taboratory. They themselves synthesized this gas, puri-
fied it, proved its anesthetic properties on animals, determined
quantitatively the amount necessary for anesthesia, and then
carried out a sufficiently diversified series of animal experiments to
demonstrate its probable safety; but before turning this gas over
to the medical profession for clinical trial, they anesthetized each
other and determined quantitatively the amount necessary for
anesthesia on themselves.

In the short space of ten vears which has elapsed since then,
cyclopropane has been used in some two hundred and fifty thou-
sand clinieal ansethesias with very great success. Clinjelans, as
well as laboratory workers, have studied the reaction of the buman
organism to this gas from about every angle. The medieal investi-
gators are not, however, the only ones who have been busy;
chemists and chemical manufacturers have devised new methods
for its production and purification, and it now can be obtained in
any smount at approximately one-twelfth its cost in 1934

This book by Dr. Robbins will not only serve to bring together
the facts about cyclopropane but will give a much-needed evalua-
tion of the large amount of literature which has already accumn-
Iated. A glance at the text will be sufficient to show the interest
of the author in quantitative procedures, which are the basis for
a true undenstanding of the behavior of any drug. We owe much
to Dr. Robbins for his own contributions to our knowledge of
cyclopropane. It was he who first devised a method for quanti-
tating this gas in the blood, which was essential for an understand-
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Foreword to First Edition

The world owes more, perhaps, than it realizes to Dr. Velyien
. Henderson, who, after years of work on anesthesia, in 1928
discovered with Dr. G. T1. W. Lucas the anesthetic properties of
the gas eyclopropane. This discovery by Dr. Henderson and Dr,
Lueas is one of the most satisfactory examples of medern pharma-
cology. These workers were led by their experiments to investigate
cyclopropane, which at that time was a mere curiosity of the
chemical laboratory. They themselves synthesized this gas, puri-
fied it, proved its anesthetic properties on animals, determined
quantitatively the amount necessary for anesthesia, and then
carried out a sufficiently diversified series of animal experiments to
demonstrate its probable safety; but before turning this gas over
to the medical profession for clinical trial, they anesthetized cach
other and determined quantitatively the amount necessary for
anesthesia on themselves.

In the short space of ten years which has elapsed since then,
cyeclopropane has been used in some two hundred and fifty thou-
sand clinical ansethesias with very great success. Clinicians, as
well as laboratory workers, have studied the reaction of the human
organism to this gas from about every angle. The medical investi-
gators are not, however, the only ones who have been busy;
chemists and chemical manufacturers have devised new methods
for its production and purification, and it now can be obtained in
any amount at approximately one-twelfth its cost in 1934,

This book by Dr. Robbins will not only serve to bring together
the facts about cyclopropane but will give a much-needed evalua-
tion of the large amount of literature which has already accumu-
lated. A glance at the text will be sufficient to show the interest
of the author in quantitative procedures, swhich are the basis for
a true understanding of the behavior of any drug. We owe much

to Dr. Robbins for his own contributions to our knowledge of
cyclopropane. 1t was he who first devised a method for quanti-
tating this gas in the blood, which was essential for an understand-
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ing of its action. We are also indebted to him for his explanation
of the occurrence of cardiae irregularities which have been seen
altogether too often after the use of exyclopropane in the clinic and
which have caused no little fear a= to the safety of the drug. He
has shown in animal= that cyelopropane alone causes no cardiae
irregularities in dog= in all rea=onable depths of anesthesia. that
morphine alone in therapeutic doses also causes no cardiac ir-
rezularities. but that if morphine iz followed by eyclopropane.
cardiae irregularities similar to those observed in the clinic im-
mediately appear. As morphine is used for premedication in al-
most all clinical anesthesias with exelopropane, thi= might account
for the appearance of cardiac irrepularities attributed to cyclo-
propane itzeli. Dr. Robbins has found that barbiturates not only
ean be used 2= preanesthetic agents with cvelopropane without the
appearance of cardiac disturbances but that they will prevent the
morphine-cyelopropane irregularities. It is to be hoped that his
findings may apply in man and that the substitution of a barbitu-
rate for morphine as a premedication agent in eyclopropane anes-
thesia will remove the lzast contraindication to what may be con-
sidered some day the most perfect of all gaseous anesthetics.
Paty Drprey Lassox
Nashrille, Tennessee
November 23, 1939

Acknowledgment from First Edition

My thanks are due to many—to Dr. P. D. Lamson, for his in-
terest in and criticism of our experimental studies during the past
three years: to Mr. J. H. Baxter. Jr.. Dr. O. G. Fitzhugh, and Dr.
William Govier. for their aid in the experimental studies; and to
Mr. Edward Mallinkrodt. Jr.. for the many manife<tations of his
interest in the advancement of anesthesia.

Bexsaurx Howarp Rossixs
Nzshville. Tennessee
November 23, 1939
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Physical and Chemical Properties of
Cyclopropane

METHODS OF PREPARATION

Cyclopropane, or trimethylene, is the simplest of the cyclie
hydroearbons. Freund (105) in 1882 was the first to prepare and
identify this compound; he made it by reducing trimethylene
dibromide with sodium in an alcobolic solution. Propylene,
CH;—CH=CH,, an isomer of cyclopropane, was the only im-
purity that he mentioned as being present in the effluent gas from
the reaction. During the next twenty years several methods for
the preparation of cyclopropane were advanced, but no method
was as satisfactory as the procedure of Freund.

Lott and Christiansen, 1930, (189) reviewed the earlier litera-
ture on the synthesis of cyclopropane and described the method
they employed in the preparation of cyclopropane in relatively
large amounts. It was similar to that of Freund. They used ethyl
alcohol {about 87 per cent cone.) as a solvent, zinc dust as the
reducing agent, and gradually introduced trimethylene dibromide
while stirring the mixture and obtained an effluent gas which was
99.5 to 100 per cent absorbable in concentrated H,80; ; it showed
no propylene when treated with acid KBrOs . Their yield in labora-
tory runs was as high as 80 per cent of the theoretical. Two of the
manufacturers of cyclopropane for anesthesia, Ohio Chemical
Company and Squibb, use the procedure for preparing their
eyelopropane (71). The reaction is as follows:

Br—CH,—CH.—CH.Br + Zn — C,H, 4- ZnBr,

In 1936, Haas, McBee, Hinds, and Glusenkamp (187) reported
the production of eyclopropane from the reduction of 1,3-di-
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Physical and Chemical Properties of
Cyclopropane

METHODS OF PREPARATION

Cyclopropane, or trimethylene, is the simplest of the cyclic
hydrocarbons. Freund (103) in 1882 was the first to prepare and
identify this compound; he made it by reducing trimethylene
dibromide with sodium in an aleoholic solution. Propylene,
CH;—CH=CH., an isomer of cyclopropane, was the only im-
purity that he mentioned as being present in the effluent gas from
the reaction. During the next twenty years several methods for
the preparation of cyclopropane were advaneed, but no method
was as satisfactory as the procedure of Freund.

Lott and Christiansen, 1930, (189) reviewed the carlier litera-
ture on the synthesis of cyclopropane and described the method
they employed in the preparation of cyclopropane in relatively
large amounts. It was similar to that of Freund. They used ethyl
alcoh(_)l (about 87 per cent conc.) as a solvent, zine dust as the
reducing agent, and gradually introduced trimethylene dibromide
while stirring the mixture and obtained an effluent gas which was
99.5 to 100 per eent absorbable in concentrated H,S0; ; it showed
no propylene when treated with acid KBrO, . Their yield in labora-
tory runs was as high as 80 per cent of the theoretical. Two of the
manufacturers of eyclopropane for anesthesia, Ohio Chemieal
Company and Squibb, use the procedure for preparing their
cyclopropane (71). The reaction is as follows:

Br—CH:—CH+~CH.Br + Zn — C;H, 4 ZnBr,

In 1936, IFaas, McBee, Hinds, and Glusenkamp (137) reparted
the production of cyclopropane from the reduction of 1,3-di-
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2 CYCLOPROPANE ANESTHESIA

chloropropane by zine dust; Gustavson (185) had reported a
similar method, but the yield was much lower than that obtained
when 1,3-dibrompropane was used. The method of Haas et al.
has been used by the Mallinckrodt Chemical Works for the pro-
duction of cyclopropane for anesthesia (138).

Cl—CH—CH,—CH.CI + Zn — C;H, + ZnCl:

PHYSICAL CHARACTERISTICS

Boiling point: —32.89°C. (137); —32.2°C. (71).
Freezing point: —126°C. (137); —127°C. (71).
Density in relation to air: 1.46 S.T.P.
Molecular weight: 42.1

CHEMICAL CHARACTERISTICS

Cyclopropane is relatively inert chemically; Roginski (282)
showed that it does not react readily with iodine or bromine to
form addition products; neither is it oxidized by permanganate
or acid chromate to any appreciable extent. It is, however, readily
absorbed by concentrated sulfuric acid, and this property is one
that has been made use of in the quantitative studies by various
investigators (146, 210, 272).

SOLUBILITY OF CYCLOPROPANL IN WATER, BLOOD, AND OILS

Several investigators, using different methods, have determined
the solubility of cyclopropane in water, blood, and oils.

Water. Lucas and Henderson (190) first reported that water
absorbed 16.5 volumes per cent of cyclopropane from an atmos-
phere of cyclopropane at 35°C. Robbins (272), using the jodine
pentoxide method for the determination of cyclopropane, found
the Ostwald constant or distribution ratio of cyclopropane be-
tween the gas and water phase to be .281 at 25°C.; and Orcutt
and Seevers (239), using their modification of the Van Slyke-Neill
manometer technic, obtained an Ostwald constant of .278 at 25°C.
Killian (167) found the solubihty of cyclopropane in water to be



PROPEMTIES OF CYCLOPROTANE 3

206 at 20°C. by saturation, which is near the value of .315 at
20°C. obtained by Robbins (272).

Blood. Robbins (272) reported the solubility in blood to be .47
to .51 at 38°C., and Orcutt and Seevers (239) obtained a value of
457 at 37.5°C. Killian (167) found it to be .503 in defibrinated ox
blaod at 20°C. More complete data will he given in table form be-
low.

0Oils. Lueas and Henderson reported the solubility in olive oil
to be 10.3 at 35°C., and Orcutt and Seevers found the solubility
to be 6.99 at 37.5°C.

METHODS USED FOIt DETERMINING THE AMOUNT OF CYCLOPROPANE
IN THE GAS SAMPLES, WATER, AND BLOOD

Gas samples. The absorption of cyclopropane by concentrated
H,S0, is the most rapid method available. Any standard gas
analysis apparatus can be adapted for this use by adding an ab-
sorption bottle containing concentrated H,SO,. Robbins (272)
and Meek, Hathaway, and Orth (210) used this method on an
Orsat-Henderson apparatus; Seevers ef al. (297) used o Burrell
apparatus in their studies.

Blood and water samples. Orcutt and Seevers (239) used the
Van Styke-Neill manometric method for determining the solu-
bility of eyclopropane in water, oils, and human blood.

The iodine pentoxide oxidation method can be used for the
determination of cyclopropane in water or blood samples, pro-
vided there is no other volatile organic substance present. This
method has been very satisfactory in our studies, and since it is
not so widely known as the Van Siyke-Neill procedure, it will be
described in some detail. It was first used by Teague (328) for the
determination of carbon monoxide; later by Haggard for ether
(139) and by Haggard and Greenberg for aleohol (140). The pro-
cedure, as we used it for the determination of cyclopropane in air,
water, and blood samples, is described in detail below, A diagram-,
matic drawing of the oxidation train is shown in figure 1.
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SAMPLE
INLET
¥

T OUTSIOE AIR ~~> sucTioN

—
D ——>
TUBE 25X20 CM PACK-
ED WITH ALTERNATE
LAYERS OF 1,04 AND
ASBESTOS

MEATING UNITS
TRy ey

10%K1 109 K1
SARGENT OVEN WiTH A
THERMO REGULATOR

Fic 1. Iodine pentoxide train used for the determination of eyclopropane
in air, water, and blood. (Robbins® Anesth & Analg , 16, 93, 1937).

The oxidation train consists of the following: A, an Erlenmeyer
flask of 125 cc. capacity which is closed with a stopper pierced by
three tubes, one for intake of outside air (free of organic matter),
a second for introduction of the sample to be analyzed, and a
third for carrying the air and cyclopropane to tube B, a pyrex
tube 25 by 2 em packed with alternate layers of iodine pentoxide
(a total of 45 to 50 grams) and asbestos (freed of organic matter
by boiling in acid chromate and then washing). Tube B is con-
tained in a small Sargent oven which is kept at a temperature of
205° to 210°C. From B the tramn connects to two large test tubes,
C and C’, in series each containing 25 ce. of 10 per cent potassium
10dide for the collection of the liberated iodine. D, or the suction
line, connects to either tube C’ or B depending on whether one is
making a determination or not. About five hundred samples of
2 to 7 mgm. each have been oxidized by the iodine pentoxide in
one tube.

Procedure of analysis. The oven is brought to 200° while air is
being drawn at the rate of 150 to 200 cc. per minute, through the
train. The tubes C and C’ are then placed in line. A measured
volume of the unknown sample of water or blood is introduced
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at one time into flask A, or for an air sample the introduction_ is
gradual over a period of five minutes. The water or bloo(l.co.ntmn-
ing flask is gently shaken for five minutes after which it is sur-
rounded with a boiling water bath and heated for five minutes
more. Then fresh tubes C and C” are placed in line and another
collection made for five minutes. Usually the second set of tubes
contains no more iodine than liberated by a blank analysis. The
liberated jodine is titrated against a standard thiosulfate solution
of about 0.02 N.

Equations and calculations. The equations for the oxidation and
titration are as follows:

(1) 5 CsHg + 9 1,04 heat/200° 15 CO, + 15 H,O0 + 91,
5CHy = 91,
210 grams C;H, = 2285 grams I,
1 mgm. I = 0.092 mgm. C,H,
2 Na.S.0; + I, = Na,S,0s + 2 Nal

‘The equation 1 is for the maximum oxidation of cyclopropane and
maximum liberation of iodine. We feel that it correctly represents
the reaction because, when air samples of known cyelopropane
content are oxidized, the iodine hberated is 98 to 100 per cent of
the calculated amount. Also, 1f the iodine is driven off from tube
C by heat and passage of air, the residual fluid fails to give a posi-
tive test for hydrogen iodide when potassivm iodate and acid are
added.

Analysis of air-cyclopropane mixtures by jodine pentoxide.
Varying mixtures of unknown concentrations of air and cyelo-
propane were made in a 20-liter bottle. The concentration of eyelo-
propane in a dry, carbon dioxide-free mixture was determined by
use of a standard Orsat-Henderson apparatus in which concen-
trated suifuric acid was the absorbing agent and mercury the
displacing agent. Five or six washings over the concentrated sul-
furic acid removed all of the eyclopropane present. A 14 cc. sam-
ple was then taken from the bottle over mercury and gradually
introduced into flask A of the oxidation train. At the end of ten
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minutes the potassium iodide-iodine containing tubes, C and C’,
were emptied into a flask, rinsed, and the mixtures titrated against
N2.8;0;. A sample calculation is given below:

Orsat-Henderson analysis gave a 13 4 volume per cent concentration,

14 cc sample at 30° was taken for analysis by 1,05 train,

1 ce. CyH, at 760 mm. and 30° weighs 1.68 mgm.

< 14 ce. X 134 X 168 = 315 mgm. sample of CsHs.

Iodine pentoside analysis:
265 cc. of N/10 Na2S,0; were required to titrate the liberated iodine.
1 ec N/10 Na:5:0: = 1,17 mgm. Csll,

5 265 X 117 = 310 mgm by 105 onidation,
3.1/315 X 100 = 98.4 per cent recovery.

By a similar procedure 23 other samples of gas containing from
2.8 to 7.2 mgm. were analyzed by the Orsat-Henderson apparatus
and todine pentoxide train. The results are given in table 1.

The recovery by the iodine pentoxide train varied from 98 to
101.5 per cent with an average of 99 per cent. One can, therefore,
consider the iodine pentoxide method accurate for the determina-
tion of cyclopropane in samples containing as much as 7 mgm.

TaBLE 1%
Analysis of ar-cyclopropane meztures by Orsal-Henderson
and fodine pentoride methods

Orsat-Henderson—CiHy

T:04 Method—Calls

Orsat Henderson—Calls

1:05 Method—CsHs

mgm
315
308
2 91
289
2 87
282
2 80
538
534
5.30
5.25
515

mgm
310
3.05
2 89
286
2 86
2.81
2 81
528
524
5 26
516
5.12

mgm

[
6 88
6 80
6.67
6 67
480
4.70
4.70
4.64
402
4.61
6.70
6 50

* Robluns: J Pharmacol and Exper Therap , 58, 243, 1936 (272).
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Solubility of cyclopropane in water. We have determined the
solubility over a temperature range of 20° to 45°C. Pure cyclo-
propane (Ohio Chemical) was bubbled for one to two hours
through a cylinder of water immersed in a water bath kept at
constant temperature. After continuous passage of cyclopropane
through the water, 10 cc. samples of water were analyzed for their
cyclopropane content. The procedure was the same as that for air
except the samples were taken in a calibrated syringe which had
been immersed in the water bath so as to be of the same tempera-
ture as the sample for analysis. The concentration of eyclopro-
pane in the space over the water was not analyzed but caleulated;
we considered it to be pure gas diluted with water vapor at the
temperature of the bath,

Three or more determinations were made at each of the follow-
ing temperatures: 20°, 25°, 30°, 31°, 35°, 39°, and 45°. The results
of these determinations are recorded in table 2 and figure 2. By
looking at the table it can be observed that at 35°C. water equi-
librated with pure cyclopropane contains not 16 ce. of gas per
100 cc., as found by Henderson and Lucas (146), but 20.8 cc.
This difference may be due to one of two factors: first, that the
gas studied by Henderson and Lucas, as they suggest, was not
pure; and second, that they may have failed to consider the vol-
ume occupied by water vapor at 35°C.

Solubility of cyclopropane in blood. The blood samples were
equilibrated with the cyclopropane-oxygen mixtures by use of a
cylindrical pyrex tonometer. Five cubic centimeter samples of
gas and blood were analyzed for their eyclopropane content after
equilibration.

Samples of blood (oxalted) from two dogs, as well as samples
from two men, were equilibrated with cyclopropane over a tem-
perature range from 20° to 40°C. The results of these studies are
shown in table 3 and figure 2. The distribution ratios for the dif-
ferent samples are not the same. This difference in the distribu-
tion ratio may be due in part to the variation in fat, content of the
blood samples from different dogs and men, because the solubility
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TabLE 2%

Distribution coeficient of cyclopropane belween waler and arr—Equilibrated
by bubbling pure gas 100 per cent through water

Cyclopropane
Tt DC
Water Air

Water
Arr

“C. mgm per 100 cc mgm per 100 cc
20 54.0.
54.0.}1 53.9 171.0 0.315
53.7.
25 46 2.
46.7.7 46 4 165.0 0.281
46.2.
30 39 2
389.:302 161.5 0.243
394
31 38.3.
378
37.8.
373
35 32.7
330 325 156.5 0.208
318
39 289
28 1. 152 0 0.189
202
292
45 24.8.
251,249 149 0 0.167
24 8

160 0 0.236

* Robiins J Pharmacol. and Exper Therap , S8, 213, 1036 (272).

of cycloptopane in fat 1s about twenty times greater than in blood.
In order to show that the fat content does alter the solubility in
blood, the following experiments were carried out:

Fafty cubic centimeter samples of blood were drawn from two
dogs. Immediately following the taking of the blood, cach dog was
given 400 ce. of 20 per cent cream by stomach tube. Three hours
after the fat meal, second 50 ce. samples of blood were taken. Five
cubic centimeters of ecach sample were centrifugalized, and,
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Fic 2 Distribution coefficient of cyclopropane between water and air and
blood and air. From datan tables 2 and 3 (Robbins (272))

whereas the plasma of the first samples was clear, the plasma of
those taken after the cream meal was very turbid. The distribu-
tion ratios for these normal and fat containing samples were de-
termined in duplicate or triplicate at 34°C. In experiment 1 the
distribution ratio was 0.565 before the fat meal and 0.588 three
hours after. In experiment 2 the ratio at 34° was 0.551 hefore the
fat meal and 0.611 after the meal.

A second and more probable factor in the variation of the dis-
tribution ratio observed in blood from different dogs and men is
the difference 1n plasma-cell ratio Grollman (128) has shown that
the solubility of ethylene in blood samples varied with changes in
the plasma-cell ratio.

In threc samples of blood from dogs the distribution ratios in
the whole blood and plosma were determined; the values for the
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TaBLE 3%

Distribution coefficient of cyclopropane between blood and air—Equilibrated
by rotation of cylinder with 250 ec gas, 6 cc. blood

BOTH GAS AND BLOOD SAMPLES ANALYZED BY I,O; METHOD (5 €C. SAMPLE OF EACR)

clopropane
Subjet ™ Oloorn pc Doxt
Blood Air

¢ mgm. per 100 cc | mgm per 100 c¢
200 107.0 156.6 0.685
20.0 105.4 155 6 0.680
200 105.4 156 6 0.675
27.5 48 ¢4 81.0 0.597
280 52.6 88.4 0.595
Dos 1 28.0 2.6 72.0 0.592
280 410 08.8 0.595
28.5 42.6 74.2 0.575
33.0 350 61.0 0 547
33.0 31,0 58 4 0.532
28.0 61.6 97.4 0.632
285 61.G 99.4 0 620
285 56.8 90 ¢ 0.630
Dog 2 310 56.8 95 6 0 394
330 40.4 1.4 0.566
360 516 98.0 0.527
360 44,6 83.0 0 537
380 49.0 95 2 0.513
310 26 3 44.6 0.591
315 62 . 61.0 0.593
3135 20 4 51.4 0.572
325 358 3.0 0.570
Man 1 (1 hour after 325 25 39.4 0.573
lunch) 355 31.6 58.4 0 540
360 221 41,0 0.540
365 31.6 600 0.527
380 300 59 0 0.508
320 446 82,0 0 545
320 440 800 0 550
Man 2 (4 hours after) 350 408 80.0 0.510
breakfast) 36 0 305 80.4 0 492
380 368 78 4 0.470
[ 100 35.6 78.8 0 451

* Robbins. J Pharmacol and Exper Therap , 58, 243, 1936 (272).
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plasma samples at 34°C. were 0.327, 0.320, and 0.324; the corre-
sponding values for whole blood were 0.562, 0.482, and 0.502; the
cell volumes were 45 per cent, 34.5 per cent, and 39 per cent, re-
spectively. By ealeulation, then, the distribution ratios in the cells
were 0.847, 0.750, and 0.785. Thus the solubility of cyclopropane
in the cells is about two and one-half times that in the plasma.
Therefore, a relatively small change in total cell volume would
account for the variations observed in whole blood.

Possati and Faulconer (257) have made careful studies on the
effect of the hemoglobin concentration on the distribution ratio of
cyclopropane between human blood and air in vitro. They started
with blood containing 15 grams of hemoglobin per 100 ec. and di-
luted it stepwise with plasma from the same subject to 3 grams of
hemoglobin per 100 cc. and determined the distribution ratio using
the mass spectrometer for the cyclopropane analyses and obtained
the values which are shown in figure 3. At thirty-seven degrees
and 15 grams of hemoglobin per 100 ce. the distribution ratio was
.415 which is reasonably close to the values of .457 and 451 re-
ported by Orcutt and Seevers (239) and Robbins (272), respec-
tively. If one assumes a cell volume of three per cent per 1 gram
of hemoglobin and caleulates the solubility in the red cells from
the data of Possati and Faulconer, one finds the solubility in the
red cells to be about 2.3 times as great as it is in the plasma. This
value is very near 2.5 which was observed by Robbins (272).

Killian (167), by calculation, using the solubility of cyclopro-
pane in whole blood and the oil/water ratio, states the plasma
contains 57 per cent and the cells 43 per cent of the cyclopropane
in the equilibrated blood.

Seevers and Waters (298) have reviewed the literature on the
solubility of cyclopropane in water, blood, and oils. Table 4 is

taken from their paper,
TESTS FOR PURITY OF (YCLOPROPANE

Burger (49), 1937, reported the results of his investigation of
the three brands of eyclopropane available in the United States
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TaBLE 3*

Dustribution coefficient of cyclopropane belween blood and air—Equilibrated
by rotation of cylinder with 250 cc. gas, 6 cc. blood

BOTH GAS AND BLOOD SAMPLES ANALYZED BY 1;0; METHOD (5 CC. SAMPLE OF EACH)

Cyclopropane
Subject T ik DC “—A"i’l‘:—d
Blood Air

“C, mgm per 100 ¢c | mym. per 100 ¢
20 0 107 0 156.6 0.655
20 0 105.4 155.6 0.650
20 0 105 4 156.6 0.675
27.5 184 81.0 0.537
25.0 52.6 §8.4 0.595
Deg 1 250 2.6 20 0.502
280 11.0 68.8 0595
28.5 42,6 74.2 0.575
33.0 350 61.0 0.517
33.0 31.0 58.4 0.532
28.0 616 97.4 0 632
28.5 61.6 99.4 0.620
285 56.8 % 0 0.630
31.0 56.8 95 6 0.504
Dog 2 330 0.4 71.4 0.566
360 51.6 93.0 0.527
360 4.6 83.0 0 537
380 190 95.2 0.513
310 2 3 46 0.501
315 362 . 61.0 0.503
315 20 4 51.4 0.572
325 358 ° 63 0 0.570
Man 1 (1 hour after 325 225 30 4 0.573
lunch) 355 316 58 4 0.540
360 22.1 11.0 0.540
365 316 60.0 0.527
l 380 00 50 0 508
320 416 820 0.545
320 +H 0 $80.0 0.550
Man 2 (4 hours after, 350 108 50 0 0.510
breakfast) 360 395 80.4 0 492
380 36 8 78 4 0 470
10 0 356 88 0.451

* Robbins. J Pharmacol and Exper Therap , 58, 213, 1936 (272).
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Tante §*
Tke solubililics of pure cyclopropance as delermined by saturalion (167), exiraction
(239), and iodine pentoride (272)
Temperatute Water Blood ol
* N 1Y
20 315 (272) 296 (167) | .650 (272) .503 (167) 11.14 (167)
25 .281 (272) .278 (239) 5.79 (239)
315 <201 (23) 457 (239) 6.99 (239)
39 J181 (272) 451 (272)

A = Ostwald solubility cxpression, or the volume of gas dizsolved by unit
volume of solvent at a given temperature for any pressure, when the pressure of
the gas itself minus the vapor tension of the solvent is equal to atmospherit pres-
sure

* Seevers and Waters; Physiol. Rev., 18, 147, 1038 (298).

There was no signifieant difference in the quantity of propylene
as determined by the two methods.

There was never a positive test for halides obtained on any of
these brands.

Although Burger thought that cyclohexane might be formed in
the preparation of cyclopropane, it seems very doubtful that it
would be present in detectable amounts in anesthetic cyclopro-

pane because cyclohexane boils at +80°C. whereas cyclopropane
boils at —32.89°C,

EXPLOSIVE HAZARDS

Buckman and Wardell (44) have determined the concentrations
of cyclopropane in air and in oxygen which are explosive and pre-
sented these data together with similar data for ether and ethylene
(table 5).

More complete data on several anesthetic agents have been
reported by G. W. Jones (161), Burcau of Mines, Investigation
No. 3443 (tahle 6).
. The problem of explosive hazards with cyelopropane is of such
Importance that several studies have been made on ways of reduc-
ng thvem. One major report of the Council on Pharmacy and
Chemistry of the A.NLA. (72) deals with this subject. Thomas
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5 W
A4
27°
372
.
.34
2
2 g Effect of Hemoglobin Concentration on
) - the Distribution Ratio of Cyclopropane
‘% between Human Blood and Air in
AT Vitro at 27° and 37°C.
v
2
Gms-Hb per i00cc blood
T T T T !
15. 12, 9. & 3. 0.

Fia 3 Drawn from data of Possati and Faulconer (257))

at that time. Two of them were prepared from 1,3-dibrompropane
and the other from 1,3-dichloropropane. A study of the synthetic
processes used m the preparation from the dihalides of propane
led him to believe that propylene, cyclohexane and halogen com-
pounds would be the more probable contaminants. He used
KMnO, and iodine to determine the presence and quantity of
unsaturated hydrocarbons and calculated these as propylene. The
results obtained are shown below.

Per cent Propylene
Oz uptake Ty uptake

Brand A . 2.85 8
Brand B . 2 56 25
Brand C 12 .1
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Tanir 4*

The solubilitics of pure cyclopropane as determined by snfuration (167), extraction
(229}, and dodine pentoride (272)

Temperature Water Blood ol
b N Y »
€0 315 (272)  .206 (167) | .6S0 (272) 503 (167) 11.1% (167)
25 L2381 (272) 278 (239) 9.79 (239)
37.5 204 (239) 157 (239) 6.99 (230)
39 181 (272) 151 (272)

» = Ostwald rolubility expression, or the volume of gas dissolved by unit
volume of solvent at a given temperature for any preseure, when the pressure of
the gas itself minus the vapor tension of the rolvent is equal to atmospheric pres-
sure.

* Seevers and Waters: Physiol. Rev., 18, 447, 1038 (208).

There was no significant difference in the quantity of propylene
as determined by the two methods.

There was never a positive test for halides obtained on any of
these brands,

Although Burger thought that cyclohexane might be formed in
the preparation of cyclopropane, it seems very doubtful that it
would be present in detectable amounts in anesthetic eyclopro-

pane because cyclohexane boils at +-80°C. whereas eyclopropane
beils at —32.89°C.

EXPLOSIVE HAZARDS

Buckman and Wardell (44) have determined the concentrations
of eyclopropane in air and in oxygen which are explosive and pre-
sented these data together with similar data for ether and ethylene
(table 5),

More complete data on several anesthetic agents have been
Tiported by G. W. Jones (161), Burcau of Mines, Investigation
No. 3443 (table 6).

. The problem of explosive hazards with cyclopropane is of such
Importance that several studies have been made on ways of reduc-
ng ﬂl.em. One major report of the Council on Pharmacy and
Chemistry of the ADMLA. (72) deals with this subject. Thomas
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Further discussion of explosive hazards and records of cases will
be given in Chapter 12, but it is desirable to call attention to
two facts shown in table 6; first, all anesthetics except N0 and
CHCI, are explosive in anesthetic concentrations; second, ether
has a much lower ignition temperature than either C.H, or C;Hs,
which offer greater hazards in the operating room,

SUMMARY

The present methods of production of cyclopropane for anes-
thesia are based upon the original observation of Freund that the
1,3-dihalide of propane, when added to a solution containing ele-
mental metal—sodium, zinc, or magnestum, will react to form
eyelopropane.

Cyclopropane is a gas at room temperature, with a hoiling point
of —32.89°C. at atmospheric pressure. It has a density of 1.46 in
relation to air. )

The distribution coefficient at 37.5°C. for water is .204, for blood
457 to .49. Tt is about two and one-half times more soluble in the
cells than in the plasma.

The gas is rapidly absorbed by concentrated sulfuric acid and is
readily oxidized by iodine pentoxide.



The Concentrations of Cyclopropane
Regquired for the Different Levels
of Anesthesia and for
Respiratory Arrest

Until 1920, the transition from the awakened state to that of
respiratory arrest had been divided into four stages. (1) Stage of
analgesia. (2) Stage of delirium and excitement. (3) Stage of surgi-
cal anesthesia. (4) Stage of respiratory arrest.

In 1920, Guedel (130) published a paper dividing the stage I
of surgical anesthesia into four different planes using changes of
various signs as guide posts to identify these different planes. Of
particular value in this study was the change in the movement of
the eyeball and the size of the pupil. Also the alteration in the
respiratory rate and the curves subscribed by the respiratory cycle,
and finally the relaxation of skeletal muscle. This classification of
Guedel has been used from 1920 up until 1950 and in most places
to the present with modification of special points by different
people during the past 30 to 35 years.

In 1950, Courtin, Faulconer, and Bickford (74), making use of
electroencephalographie equipment, described the transition from
the awakened conscious state to that of respiratory arrest under
anesthesia and divided this into seven different planes. In many
places at the present time, the electroencephalograph is an instru-
ment of great use in determining the depth of anesthesia of pa-
tients in the operating room. It has also been used at different

places, particularly at the Mayo Clinic and at the Cornell Hospi-
tal, as an aid in the maintenance of anesthesia at a fixed level.

17
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Another method of determining the depth of anesthesia that
might be developed is that investigated by Rence, Cullen, and
Hamilton (264) in which cathode ray tracings were made of the
heart sounds under different planes of anesthesia. It was observed
that there was a definite shift of the intensity of the first and sec-
ond sounds as one was anesthetized to stage III, plane 3 or 4.
During the awakened state or during light anesthesia, the first
sound was of higher pitch and greater intensity than the second.
In moderate anesthesia the second sound was greater in intensity
than the first, and in very deep anesthesia the intensity for both
sounds was much lower and about equal.

More recently, Woodbridge (348) has published a paper deal-
ing with a new division of what we call ancsthesia into four sepa-
rate categories. In Woodbridge’s paper entitled “Changing Con-
cepts Concerning Depth of Anesthesia’ this alteration is divided
into four separate elements of anesthesia: sensory afferent, motor
efferent, reflexes and mental or sleep. The depression of these
four components which we ordinarily call general anesthesia, he
has called nothria because he believes the word nothria is a better
one than anesthesia in that nothria itself is defined as mental and
motor inactivity with insensibility. Since at the present time there
are no papers dealing with the relative concentration of anesthetics
and the depression of these various four elements mentioned by
Woodbridge, we will spend most or practically all of the time in
this chapter trying to develop and correlate the concentrations of
the anesthetie, cyclopropane, in the inspired air and in the blood
with the different stages and planes of anesthesia as first described
by Guede! and those described by Possati and his associates (258),
using the electroencephalogram to define the seven different levels
of anesthesia or the change from the awakened state to that of
respiratory arrest.

PRELIMINARY STUDIES ON ANIMALS

Several studies have been made relative to the concentration of
cyclopropane m the air necessary for the different levels of anes-
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thesia and respiratory arrest. All of the studies were made using
some method of rebreathing in a closed system in which the car-
bon dioxide was removed hy soda lime, and oxygen and eyclo-
propane were added as needed.

Lucas and Henderson (190) first reported that 10 to 12 per cent
cyclopropane in oxygen was necessary for anesthesia in cats and
that respiratory arrest was not produced in two eats with eyclo-
propane concentration of 27 per cent and 30 per cent and one dog
with 31 per cent although the depth of respiration was markedly
reduced.

Shackell and Blumenthal (299) reported an extensive study on
five monkeys in which repeated nnesthesins were done; these
monkeys were anesthetized a total of 160 hours and were gradually
brought to the stage of respiratory arrest twenty-eight times. The
concentration for good surgical anesthesia was 17 to 18 per cent,
whereas that necessary for respiratory arrest was 33.7 per cent
when the oxygen concentration was 20 per cent, and 25.7 per cent
cyclopropane when the oxygen concentration was 70 per cent.
The effect of high oxygen on respiration in monkeys under cyclo-
propane is in agreement with data found by Marshall and Rosen-
feld (199) who have shown that the inhalation of pure oxygen by
animals with a depressed respiratory center may further reduce
or even abolish respiratory activity. See page 163, Chapter 4, for
further discussion of this topic.

Seevers, Meck, Rovenstine, and Stiles (297) made a more ex-
tensive study of the concentrations of cyclopropane necessary for
the different levels of anesthesia and respiratory arrest in a series

of nineteen dogs and found that surgical anesthesia was produced
by 18 to 22 per cent and respiratory arrest by 39 per cent. A table
from their report is presented in table 7.

STUDIES ON MAN

_ Waters and Schmidt (341) made the only detailed study rela-
tive to the concentration of eyclopropane necessary in the inspired
air for the production of the different planes of anesthesia and re-
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Another method of determining the depth of anesthesia that
might be developed is that investigated by Rence, Cullen, and
Hamilton (264) in which cathode ray tracings were made of the
heart sounds under different planes of anesthesia. It was observed
that there was a definite shift of the intensity of the first and sec-
ond sounds as one was anesthetized to stage III, plane 3 or 4.
During the awakened state or during light anesthesia, the first
sound was of higher pitch and greater intensity than the second.
In moderate anesthesia the second sound was greater in intensity
than the first, and in very deep anesthesia the intensity for both
sounds was much lower and about equal.

More recently, Woodbridge (348) has published a paper deal-
ing with a new division of what we call anesthesia into four sepa-
rate categories. In Woodbridge’s paper entitled “Changing Con-
cepts Concerning Depth of Anesthesia” this alteration is divided
into four separate elements of anesthesia: sensory afferent, motor
efferent, reflexes and mental or sleep. The depression of these
four components which we ordinarily call general anesthesia, he
has called nothria because he believes the word nothria is a better
one than anesthesia in that nothria itself is defined as mental and
motor inactivity with insensibility. Since at the present time there
are no papers dealing with the relative concentration of anesthetics
and the depression of these various four elements mentioned by
Woodbridge, we will spend most or practically all of the time in
this chapter trying to develop and correlate the concentrations of
the anesthetic, cyclopropane, in the mspired air and in the blood
with the different stages and planes of anesthesia as first described
by Guedel and those deseribed by Possati and his associates (258),
using the electroencephalogram to define the seven different levels
of anesthesia or the change from the awakened state to that of
respiratory arrest.

PRELIMINARY STUDIES ON ANIMALS

Several studies have been made relative to the concentration of
cyclopropane in the air necessary for the different levels of anes-
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Fr6. 5. Gas analywes of mask ramples from forty-six cases tuhen during the
various planes of surgical anesthesin and during the fourth stage (tespiratory
arrest) Upper circles ghow maximum coneentration, Jower circles show minimum,

and large circles show the average percentage for each degree of narcosis. (Waters
and Schmidt J. A M A, 103, 075, 1934).

too thoroughly worked out in man, but, that of correlation with the
various electroencephalographic levels has been worked out quite
satisfactorily. In 1939, Smith (303) carried out some studies on the
obstetrical patient in which he determined the concentration of
eyelopropane in the maternal and fetal blood, He found in normal
defiveries that the maternal circulation contained 12 mgm. per
163 ee. of arterial blood and 10.7 mgm, in the venous blood. Stmul-
taneous fetal blood samples contained 96 mgm. per 100 ce. of
arterial blood and 8 mgm. per 100 ce. of venous blood. In a later
study, Rovenstine and his associates (287) reported the concen-
trations of cyclopropane in the blood necessary for spontaneous
vaginal delivery, for {forceps delivery, and for cesarean seetion.
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TanLe 7¢

Concenlralion of cyclopropane necessary for the different planes
of anesthesia in the dog

No Premedication Premedication
=}
= g
Depth of Anesthesia 25522 JEET H
after Guedel) Number! 23 {EEEEIZ5E olNumber] 25
g |¢2 e E| of £ ] Lowest | Highest
andvsed $22 127 TEIET bl 53
agE gty Ee RTE
AR e tot
£ 3
er eent {per cent | per cent] per cent | per ient | per cenl
UIt—13 . 9 188 43[36.3] 2 588 5.3 | 6.46
Corneal reflex —
Wink reflex -+
Muscular relaxation
ES
nr—2 20 (2.7 9.7(46.9 3 12.76 | 7.57 (203
Wink reflex —
Intercostal activity
+
Muscular relaxation
+
1113 and 4 16 [33.4[19.6]52.0] 2 |21.0 |21.0 |27.0
Intercostal activity — .
Respiration very
shallow
1V—Respiratory
paralysis 8 ]304]21.0]56.8 1 31.0
Concentration of cyclo-]
propane reached with-
out respiratory pa-
ralyss 7 440350588

* Seevers et al J Pharmacol and Exper. Therap , 51, 1, 1934 (207).
t Roman, stage of anesthesia
1 Arabie, plane of third stage.

spiratory arrest n surgical patients. Their patients had received
morphine and scopolamine as preanesthetic medication. Their
results are shown graphieally in figure 5.

The correlation of the concentration of cyclopropane in the
blood with the different planes of surgical anesthesia has not been
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eyclopropane per 100 ce. of blood would be present at the time of
the respiratory arrest in the human subject.

In 1953, Possati, Faulconer, Bickford, and Hunter (258) did a
study on the electroencephalographic patterns during anesthesin
with eyclopropane and correlated these changes with the concen-
trations of cyclopropane in the arterial blood. The studies of
Possati and his associates were made upon fourteen human sub-
jects, nine females and five males, who were undergoing major
abdominal surgery with an average duration of anesthesia Leing
120 minutes. Their patients were premedicated as a rule with
morphine 10 mgm. or methadone 10 mgm. plus the regular dose
of atropine or hyoscine. An excerpt of their studies giving the
characteristics of the different levels of anesthesia and the con-
centrations of cyclopropane present in these different levels is
given in the following quotation:

Classification of Levels.—A classifieation of cleet phal phic patterns
oceurring during cyclopropane anesthesia in man was made and it is described
betow. Typical patterns associated with each of the six levels described may be
seen in figure 6, These levels represent progressively ncreasing depth of anes-
thesia

First Level—Dominating this level are lugh frequency waves of low ampli-
tude ranging from 20 to 30 microvolts The alpha waves present in the preanes-
thetic period gradually disappear as the second level is approached. The first
level usually lasts three or four minutes.

Second Level —A sudden increase in litude marks the t of this
level. The amplitude of the waves is in the range of 200 microvolts with & fre-
quency of 4 to 8 eycles per second These waves have a regular form

Third Level.~—The pattern of this level is characterized by a ecomplex tracing
of mired waves of high and low amplitudes. "The range is from 50 to 200 micro-~
volts Slow frequencies cocxist with faster ones apparently at random.

Fourth Level —In this level appears the first sign of suppression of cortical
activity Small groups of waves with a frequency of 4 to 6 cycles per second snd
an amplitude of 40 to 60 microvolts are separated from the subsequent group of

waves by an interval of relative suppression of cortical activity which does not
tast more than three seconds

Fifth Level.—The period of suppressoin of cortical activity ranges from more
than three seconds to not move than ten seconds and is siternated by the pres-
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For vaginal delivery in six patients the concentration varied from
5 to 12 mgm. per 100 cc. with the fetal blood containing 12 mgm.
per 100 cc. In twelve patients with forceps delivery the concentra-
tion of cyclopropane was 14 mgm. per 100 cc. and that in the fetus
13 mgm. per 100 ce. For eighteen patients with cesarean section
the maternal blood contained 15 mgm. per 100 cc. and that in the
fetus 10 mgm, per 100 cc. These values are moderately close to
those found in the animal to produce moderate depths of surgical
anesthesia.

Dripps (89), in his study on the immediate decrease in blood
pressure seen at the conclusion of eyclopropane anesthesia, deter-
mined the concentration of cyclopropane in the blood during
anesthesia in seven individuals. These concentrations varied from
5.5 mgm. to 20 mgm. per 100 cc. of blood with an average of
16 mgm. per 100 cc.

Stormont and his associates (314), in their study on the acid
base balance in cyclopropane anesthesia in man, reported that
during surgical anesthesia, stage I11, planes 1 and 2, the con-
centration of cyclopropane varied from 10 to 21 mgm, per 100 cc.
These patients, fifteen of them, had received morphine and sco-
polamine as preanesthetic medication.

Cohen and Beecher (62), in their study upon the effect of pre-
anesthetic medication upon the concentration of cyclopropane in
seventy-six patients, found an average of 13.6 mgm. per 100 cc.
of blood (range 6 mgm. to 24 mgm.) at the time of full surgical
anesthesia approximately one hour after the induction of anes-
thesia. As far as T have been able to find, no investigator has car-
ried the patient to stage IV, respiratory arrest, and determined
the concentration of eyclopropane 1n the blood although Waters
has carried patients to respiratory arrest and determined the con-
centration of cyclopropane in the inspired air. If one could assume,
and it is not too great an assumption, that the concentration of
cyclopropane in the blood for respiratory arrest in man is similar
or approximates that in the blood for respiratory arrest in the dog,
then one might say that somewhere between 25 and 30 mgm, of
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Fio 7 Correlation of electroencephalographie levels of surgical anesthesin

in man with concentrations of cyclopropane in arterial blood. (After Possat
et ol.. Anesth & Analg, 32, 130, 1953).

analyzed for cyclopropane. Figure 7 shows in a graphic form the correlation be-
tween the means of the concentrations of eyclopropane in arterial blood and the
electr halographic levels as 1 by the classifieation deseribed, the
number of observations, and twice the standard error of each mean. No data were

available to correlate the artenal concentrations of eyclopropane with the sixth
level,

1t can be seen that the means of the concentrations of eyclopropane for each
of the five levels designated reveal a remarkably high index of correlation with
the electraencephalographic fevels These means range from 2 62 mgm. of eyclo-
propane per 100 cc. of blood for the first electroencephalographic level to 16.9
mgm at the fifth level in what is almost a Linear relationship on the graph
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ELECTROENCEPHALDGRAPHIC LEVELS OF CYCLOPROPANE
ANESTHESIA IN HUMANS
LEVELS

|

T
H‘\ Jill

__,’_ 4__) p—

Fia 6 Classification of electroencephalographic patterns occurring during
cyclopropane anesthesia These are arranged in order of increasing depth of anes-
thesia The third, fourth and hith levels represent respectively hight, moderate
and deep surgical anesthesia A seventh level consisting of total 1mactivity prob-
ably exists but was not demonstrated in these studies. (After Possati ef al @
Anesth & Analg , 32, 130, 1933)

ence of small groups of waves with low amplitude and slow frequencies (2 to 3
per second and 20 to 40 microvolts)

Siith Level —The domimant waves observed i the fourth and fifth levels
disappear almost completely and the tracing appears as a flat line with some
shight elevations and with an amplitude of 20 to 30 microvolts.

Correlation of Artenal Concentrations of Cyeclopropane with Electroen-
cephalographic Levels —One hundred forty-one arterial samples of blood were
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The dogs were anesthetized by rebreathing into a bag contain-
ing a 30 to 40 per cent mixture of cyclopropane in oxygen. A Foreg-
ger metric machine was used to make up the gas mixture for the
hag. After the dog was ancsthetized deeply (usually required three
to four minutes), the mask was removed and a tracheal catheter
with an inflatable cuff inserted. The cuff was inflated to make an
air-tight connection with the trachea. The catheter was then con-
nected to a double valve which was in a closed cirele with a soda
lime filter and the Tissot spirometer containing the eyclopropane-
oxygen mixture.

The concentration of cyclopropane in the spirometer was so
adjusted at the beginning of the experiment that the animal was
hghtly anesthetized. The animal was kept on a fixed concentra-
tion of cyclopropane for fifteen to thirty minutes, at the end of
which time tests were made for presence or absence of cornea
reflex, abdominal relaxation, wink or lid reflex, and costal activity.
The pulse and respiratory rates were recorded. The cyclopropane
content of the expired air was determined two or three times dur-
ing each experimental period and found to be constant, so we feel
that equilibrium between the air and blood had been reached be-
fore the blood sample was drawn; an arterial blood sample was
taken immediately after the last air sample for the quantitation
of eyelopropane in the blood. Oxygen was continually admitted
to the spirometer from a Foregger metric machine at the rate of
oxygen consumption by the dog. Usually 100 to 200 cc. per min-
ute were used.

The cancentration of eyclopropane in the spirometer was in-
creased by a few per cent each twenty or thirty minutes, so that
we were able to ascertain nearly the exact air and blood cyelo-
propane concentrations at which the different reflexes were lost
and respiratory failure oceurred. From the blood and air-cyclo-
propane concentrations we were able to caleulate the distribution
ratio in vivo.

Tlxc ('yclopl:opan(: concentration was always increased gradually
until the respiration censed, at which time the final blood sample
was taken for analysis. In only one case out of twenty-one was it
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TanLE 8*
Letels of surgical anesthesia
El hi Blood-Cyclopro
Level Concentration
mgm %o

Control 1} [/}
Light. 11 510
Deep I 10-15
Very deep . IVand V 15-21

* Li and Etsten: Anesthesiology, 18, 16, 1957 (186)

1t should be pomted out, however, that a decided degree of variability eisted in
single observations of the concentration of ¢yclopropanc in the blood at any one
electroencephalographic level from patient to patient, especially in the third
and fourth levels

In a study by Li and Etsten (186) upon the effect of cyclopro-
pane anesthesia on cardiac output and related hemodynamics in
man, careful correlation was made between the electroencephalo-
graphic levels and the concentration of eyclopropane in the blood
at a given time. Their results are shown in table 8. Various sub-
jects like those of Possati and his associates had received subeu-
taneous doses of morphine, 5.2 to 10 mgm. per patient plus sco-
polamine .3 to .4 mgm. per patient, before the anesthetic was
started.

These data on the concentration of cyclopropane in the blood
of man for the different planes of surgical anesthesia and for the
different electroencephalographic levels compare quite closely to
those to be described i the animal later in this chapter.

FURTHER ANIMAL EXPERIMENT

Soon after the publication of the papers by Scevers and his as-
sociates (297) and Waters and Schmidt (341) upon the concentra-
tions of cyclopropane in the inspired air necessary for the differ-
ent planes of surgical anesthesia and respiratory arrest, I became
interested in determining the concentration of cylcopropane in
the blood for the different planes of anesthesia and for respiratory
arrest in the experimental animal (273, 274).
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to ten blood samples were drawn from the different dogs. Records
of two experiments are given in table 9.

In the experiments there was a regular order of loss of reflexes.
The knee jerk, which is abolished in ether anesthesia at & much
higher concentration than abdominal rigidity, is the first to disap-
pear; the corneal reflex follows next with an 18 per cent mixture;
the abdomen is well relaxed with a 22 per cent mixture; the lid or
wink reflex is abolished at 27 per cent; and the costal muscles
lose their activity at an average of 33 per cent. Respiratory ar-
rest was produced at 36 per cent. These are average values for the
seventeen dogs of which the more complete data are given in ta-
ble 10.

The variation in the concentration of cyclopropane required to
produce the same stage of anesthesia in the different dogs is much
greater than similar variations with ether anesthesia. The distribu-
tion ratio in vive, blood-cyclopropane concentration/air-cyclo-
propane concentration, varied from 0.421 to 0.596 with an average
of 0.492, but in only three of the seventeen experiments did the
values differ from the average by as much as 6 per cent. The aver-
age of 0.492 is very close to the values of 0.49 to 0.52 in vitro as
recorded in figure 2 for the blood of dog and man.

The values for the concentration of cyclopropane in the air

TabBLE 10*
Concentrations of cyclopropane wn the air and blood required for loss of reflexes
and respiratory arrest in dogs

CHePer Centin rr | ClgMilhramss per

. A
B (Nymber D
Average| Mint \‘J.‘..’,l; Average| Mt | Maxi- | Ratio
Loss ui‘ corneal reflex 9 B07160)21.0) 1391811 15.9} 0.490
Abdominal relaxation 16 22.3 (1701 30.0| 16.8 | 12.1 | 22.4 | 0.492
Loss of wink reflex 14 2W31180i3451206)12.7125.7] 0.500
Cost:?l paralysia 14 336|28.6 438255 21.6!31.6] 0.497
Respiratary arrest 10 358130004450 2821(2241(33.8( 0.402

* Roblins- J Pharmacol and Exper. Therap . 58, 251, 1936 (273).
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impossible to reestablish respiration, and in this dog we were un-
able to give artificial respiration for three to four minutes after
normal breathing ceased. With the other dogs the tracheal cathe-
ter was disconnected from the anesthetic circle within a minute
after respiration ceased, and in most instances spontaneous breath-
ing began after two or three compressions of the thorax and ab-
domen.

Twenty-one dogs were studied by this method. The duration of
anesthesia varied from two and one-half to seven hours, and three

TaBLE 9*
Condition of Tconcentation of
eflexes CiHe
=
Expen- Per Cent B 2 Distnbution
N | ek | R (it gy (18 2 Blols Eone
LEEIELE B | g o) ap | ACone
55 HE - R
I AR
2528 £ | £
kem | omn £eiToo | et Too
o o
6 ) 65 |Normall 0 |+|4]+[4+14+] 28 140
20 15 4 +{4|4|+} 36 (120 | 11.6 } 23.7 0 100
30 18.6 +{+|+] 36 [112 ] 14.8 128 6 0 518
40 24 6 |—|=|—[+]+|[ 301200 10.4 (379 0.512
60 24 6 |—[=|—[—-|+] 40 [ 90| 19.4 [ 37 9 0.512
30 320 |—[=]=]—|~] 32 120 ) 24.4 ] 49.2 0 496
30 370 |—i=|—i—~[—[32]88]28.4 570 0 499
50 37 0 | Respiration ceased. | 28.4 (Av. 0505)
Revived.
13 91 |Nommall 0 |+|+|+|+|+
30 180 |—j=i+)4]+] 60 ) 72 1 12.4 | 27.6 0.450
30 21 2 |—|—{+|+|+| 60 [ 00 | 15.0 [ 32.6 0 483
30 256 |—|—|+|+[+] 60 102 | 19.2 [ 39.4 0.488
30 30 6 |—|—{—~]-+|+) 96 |102 | 22 4 | 47.0 0.477
30 339 {—|~|~|—|+[108 (108 | 27 5 | 62.1 0 493
30 386 |—|—|—~{—|+[120 [ 96| 27.0| 595 0.455
45 43 8 | Respiration ceased | 33 & | 67.5 0.500
Revived, (Av. 0480)

* Robbins: J Pharmacol and Exper Therap., 58, 251, 1936 (273).
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morphine or methadone are more similar or better comparable to
those in the dog that has received morphine 2 to 5 mgm. per kilo
than in the dog that has had no premedication whatsoever, Grels-
heimer and her associates (117-121) have made numerous studies
upon the effect of ether, pentothal, and morphine upon the con-
centration of eyclopropane necessary for the production of anes-
thesia. In her studies the dogs without premedication required an
average of 1S to 19 mgm. of cyclopropane per 100 ce. of blood for
the average plane of anesthesia in which she ran her experiments.
In dogs that had preanesthetic medication, approximately haif of
the anestlietic dose of pentothal, the concentration of cyclopro-
pane was 10.7 mgm. per 100 ec. In the dogs that had had morphine
sulfate 3 mgm. per kilo, the concentration of cyclopropane was
reduced from the average of 19.7 mgm. per 100 cc. to 9.9 mgm.
per 100 cc. of blood. These values are quite close to those to be
mentioned later as reported by Rebbins. .

The work of Calderone (57), who is one of the few that deter-
mined the concentration of ether in the blood necessary for surgi-
cal anesthesia and respiratory arrest after premedication in degs,
showed that morphine or subanesthetic doses of amytal did not
reduce the amount of ether necessary for anesthesia or respiratory
arrest. He stated in summary that the marpn of safety in ether
anesthesia is neither inereased nor decreased by preliminary medi-
cation with sedative doses of morphine or the barbiturates that
he used; the advantage of giving morphine or barbiturates fies in
the mental and physical relaxation they produce.

A study at the University of Chicago by Livingstone and her
associates (188), on the effect of morphine premedication upon the
amount of ether in the blood of patients, failed to show that the
amount of ether required for a given plane of stage IIT was any
less than the amount in non-premedicated patients.

In the study by Cohen and Beecher {62) the concentration of
cyelopropane in the control group was 13.6 mgm. for 100 cc., in
:’K‘ warphine group was 13.2 mgm. per 100 cc., and in the pento-

harbital groups was 13.9 mgm. for 100 cc., so at least in man the
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necessary for the different planes agree remarkably well with the
values found by Seevers ¢f al. as shown in table 7.

Fay, Andersch, and Kenyon (99), using the Orcutt-Seevers
modification of the Van Slyke-Neill technic, found the concentra-
tion of cyclopropane in the blood during surgical anesthesia in
five dogs to vary from 12.9 to 27 mgm. per 100 cc. with an average
of 20 mgm.

Greisheimer and her associates (117-121) in many studies have
found the concentration of cyclopropane in the blood for various
stages or planes of anesthesia to extend over a range from 9.46
to 20 mgm. of cyclopropane per 100 cc. of blood with an average
of 19.7 mgm. per 100 cc. These figures are in close agreement with
those reported by Robbins.

EFFECT OF PREMEDICATION UPON THE CONCENTRATION OF
CYCLOPROPANE NECESSARY FOR ANESTHESIA AXND
RESPIRATORY ARREST

In the report of Waters and Schmidt (341) the patients had
received morphine and scopolamine as preanesthetic medication,
and as a rule all surgical patients receive some tyvpe of preanesthe-
tie medication to quiet them, and at times the dose given is of
such magnitude that it is expected to reduce the amount of the
anesthetic necessary for the desired level of anesthesia.

The relatively low concentrations of eyclopropane found by
Waters and Schmidt in their patients during the lighter planes of
stage IIlin contrast to the amount necessary in non-premedicated
dogs for comparable levels are due in all probability in part to the
premedication. Scevers e¢f al. (297) found in four dogs premedi-
cated with morphine that the concentrations of cyclopropane for
anesthesia were reduced some 12 per cent without a corresponding
reduction in the amount necessary for respiratory arrest; thus the
premedication increased the margin of safety of cyclopropane.

The values given for the concentrations of cyclopropane in the
blood found by Possati and his associates (238) and Li and Etsten
(186) in patients who had preanesthetic medication with either



CONCENTRATIONS REQUIRED FOR ANESTHESIA 33

TabLe 11*
Effect of premedication upon the concenlration of cyclopropane necessary
Jor ancsthesio and respiratory arrest

Premedication Cilte- Mgm per 100 ¢ Blood for
e : ki
s Tyve R e ited el A iy P
17 Control 16.8 06 25.5 8.2
3 | Morphine 2 8.7 15.1 21 20.9
5 | Morphine 5 60 12.4 211 28.3
4 ] Morphine 10 50 6.7 16.¢ 20.3
4 | Barbital sodinm 150 5.6 10.4 18.7 241
4 | Barbital sodium 250 3.9 7.1 125 16.4
4 | Amytal sodium 30 6.9 1.9 22.0 29.3
4 )| Am)tal sodium 45 5 6.9 17.1 25.2

* Robbins, Baxter, and Fitzhugh: I, Pharmaeol. and Exper. Therap., 65, 136,
1939 (278).
in dogs, which Calderone states is equivalent to a 10 mgm. dose
in man, the blood concentration of cyelopropane required to pro-
duce abdominal relaxation is reduced 48 per cent, that required
for abolition of the wink reflex is reduced 27 per cent, whereas
the amount required for respiratory arrest is not reduced at all.
This factor increases the margin of safety with cyclopropane very
definitely. A dose of morphine of 5 mgm. per kilogram in the dog,
which Calderone states is equal to a 25 mgm, dose in man, reduced
the amount of cyclopropane for surgical anesthesia 40 to 64 per
cent but did not alter the concentration required for respiratory
arrest. Demerol, 10 mgm. per kilogram, reduced the amount of
cyclopropane in the same order as that of 2 and 5 mgm. of mor-
phine.

The effects of morphine in 8 and 10 mgm. per kilogram doses
are noted in all stages and at respiratory arrest.

Barbital sodium, in 150 mgm. per kilogram dose, which is about
onc-half the anesthetic amount, reduced the cyclopropane re-
quired for surgical anesthesia 11 mgm. per 100 ce., or about 65
pber cent, whereas the amount required for respiratory arrest is
reduced onty 4 mgm per 100 ce., or 15 per cent.
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preanesthetic administration of morphine or pentobarbital does
not reduce the amount of cyclopropane necessary for surgical
anesthesia according to their results.

The effects of small doses of pentothal upon the quantity of
cyclopropane necessary for anesthesia have been most clearly
shown with the least possible human observer element involved
by Bellville and Artusio (17). In this study, the regulation of the
flow of eyclopropane was under the subject’s own electroenceph-
alographic pattern through the servo mechanism. After the sub-
ject had been running along for quite some time, small amounts of
pentothal, 25 to 50 mgm., were given intravenously to human
subjects in a fixed level of cyclopropane anesthesia. This small
dose of pentothal altered the electroencephalographic pattern to
such an extent that the servo mechanism immediately reduced
the flow of cyclopropane to the patient. This must be an example
of summation of the effects of pentothal and eyclopropane.

We (278) have reported studies in which the concentrations of
cyclopropane necessary in the blood for the different levels of
anesthesia and respiratory arrest were determined in thirty-eight
dogs after medication with morphine, demerol, barbital, or amy-
tal. Morphine was given subcutaneously, 2 to 10 mgm. per kilo-
gram; demerol was given subcutaneously in a dose of 10 mgm. per
kilogram, barbital sodium was given intravenously, 150 to 250
mgm. per kilogram (50 to 85 per cent of the anesthetic dose):
amytal sodium was given intravenously, 30 to 45 mgm. per kilo-
gram (50 to 75 per cent of the anesthetic dose). Thirty minutes
after premedication the dogs were anesthetized as described on
page 22. Blood samples were collected at the different planes of
anesthesia and the eyclopropane content determined. The average
values are shown 1n table 11.

Although the number of animals used in this study is limited,
it is evident that the amount of eycloptiopane necessary for the
preduction of the lighter planes of stage IIT anesthesia is very
markedly dimimshed after premedication with morphine, demerol,
barbital, or amytal. With morplune in 2 mgm. per kilogram dose
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studies except that 10 cc. samples of blood were taken from the
right ventricle one-half to one minute after the samples from the
artery. At the end of each experiment an autopsy was performed
and the heart carefully examined for needle punctures in the left
ventricle and auricle. In no instance were any punctures found,
so we feel certain that we were collecting venous blood from the
right side of the heart. After the animal had been on a fixed con-
centration for fifteen minutes or longer, the cyclopropane content
of the venous blood was approximately equal to that of the ar-
terial blood. The results of these studies are shown in table 12.

TABLE 12*

Cyclopropane concenirations of arlerial and mizred venous blood in relation
to cyclopropane content of air

Cyclopropane
Dog Number Sample
A corrected | Arterial blood Venous blood
mgm per 100 cc | mgm per 100 cc | mgm per 100 cc.

1 32.8 17.3 16.8

2 37.4 20.5 20.7

18 3 45.4 22.4 20.0
4 495 243 21.0

5 478 24.6 243

6 63 28.9 27.8

1 30.8 15.4 15.1

2 288 uo 13.5

19 3 41.8 20.5 20.8
* 4 488 272 259

5 558 313 318

1 308 135 14.6

2 370 17.5 173

20 3 470 22.2 214
4 531 27.0 26.8

5 414 18.9 181

6 22.2 11.6 10

-_
* Robbins: J. Pharmaco!l and Exper. Therap , 58, 251, 1936 (273)
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Barbital sodium, in 250 mgm. per kilogram dose, replaced 11
to 13 mgm. of cyclopropanc in all levels of anesthesia.

Amytal, in 30 mgm, per kilogram do~e, causes changes in the
cyclopropane concentrations required for the different levels of
the same order as 5 mgm. doses of morphine.

Amgytal, in 45 mgm. per kilogram dose, produced effects parallel
to those of 150 mgm. doses of barbital sodium,

TIME REQUIRED FOR EQUILIBRIUM OR SATURATION
TO BE ATTAINED WITH CYCLOPROPAXNE

In several reports from clinieal anesthetists (96, 223) it is stated
that after the patient is in the desired plane of ancsthesia, the flow
of cyclopropane into the bag can be cut to a very low rate or
stopped completely for several minutes. This would indicate that
equilibrium is reached relatively rapidly and that cyclopropane is
not destroyed in the body to any extent.

The rate of saturation or desaturation with a gas is dependent
mainly on three factors: its solubility in blood, tissue, and fat;
the rate of circulation (eardiac output); and the respiratory min-
ute volume. With cyclopropane, which has a distribution ratio
between air and blood of 45 to .5 as compared to 14 for ether,
the cardiac output or circulation rate would play the major role in
the rate of saturation.

We have made a study in which the concentration of eyclo-
propane in the anesthetic mixture was correlated with the concen~
tration in the arterial and mixed venous blood in an attempt to
determine the approximate rate of saturation, the procedure and
results of which are given below.

RELATION OF CYCLOPROPANE CONTENT OF AIR, ARTERIAL
AND MIXED VENOUS BLOOD IN DOGS
In three dogs the cyclopropane countent in blood taken from the

right ventricle was compared with that from the femoral artery
and inspired air. The procedure was the same as for the preceding
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studies except that 10 cc. samples of blood were taken from the
right, ventricle one-half to one minute after the samples from the
artery. At the end of each experiment an autopsy was performed
and the heart carefully examined for needle punctures in the left
ventricle and auricle. In no instance were any punctures found,
o we feel certain that we were colleeting venous blood from the
right side of the heart. After the animal had been on a fixed con-
centration for fifteen minutes or longer, the cyclopropane content
of the venous blood was approximately equal to that of the ar-
terial blood. The results of these studies are shown in table 12.

TasLe 12*

Cyclopropane concentrations of grierial and mired venous blood in relalion
o cyclopropane content of air

Cyclopropane
Dog Number Sample
Air corrected Arterial blood Venous blood
mgm per 100 ec mgm per 100 ec | mem per 100 ¢c.

1 328 173 168

2 37.4 20.5 20.7

18 3 45.4 22.4 20.0
4 495 21.3 210

5 47.8 21.6 243

[ 60.3 23.9 28

1 308 154 15.1

2 288 uo 135

19 3 418 205 20 8
L 48.8 27.2 25.9

5 55.8 313 31.8

1 30.8 13.5 116

2 37.0 17.5 173

20 3 47.0 222 214
4 531 270 26.8

5 41 4 18.9 18.1

6 22 16 no

* Robbins J Pharmacol. and Exper. Therap., 58, 251, 1036 (273)
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RATE OF ELIMINATION OF CYCLOPROPANE AFTER ITS
ADMINISTRATION IS STOPPED

Dogs

For this study the dog was anesthetized for two to three hours
so that the tissues would have 2 relatively high cyclopropane con-
tent. The concentration of cyclopropane in the inspired mixture
was maintained at 25 to 30 per cent. The blood samples were
taken from the right auricular by means of a catheter which was
passed through the right external jugular vein to the auricle. At
fifteen minutes, and again at one minute, before the administra-
tion of the anesthetic was discontinued, blood samples were drawn
for analysis. At regular intervals during the first two hours after
the anesthetic was stopped, blood samples were taken and their
cyclopropane content determined. The elimination of eyclopro-

TarLe 13*
Rate of elimination of eyclopropane
[Milligrams Cilfe per 100 cc. Venous Blood
Time Conditron of Dog
Dog 1 ( Dog 2 Dog3

am
10:00 Deep anesthesia 205 203 20.0
10:14 Deep anesthesia 23.7 22.3 18.5
10:15 Admimstration of C;He

stopped

10:17 5 Moving head 63 7.1 10.0
10:20 Avake 47 4.7 7.9
10:25 Awake 26 4.4 4.7
10:30 Awake 1.6 26 2.9
10:45 Awake 08 1.6 2.1
11:00 Avake t t 1.6
11:15 Awake 08 13 1.3
11:45 Asvake t 10 1.0
12:15 Awake 0 08 05

* Robbins J Pharmacol and Exper Therap , 58, 251, 1936 (273)
t No samples taken at these points
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pane is much more rapid than the elimination of ether reported
by Ronzoni (284). This difference in rate of elimination of ¢yclo-
propane and ether may be accounted for by the difference in the
distribution ratios of these agents between air and blood mixtures.
The results of three such experiments are given in table 13 and
figure 8.

Mice

The mouse was weighed and placed in a 20-liter bottle contain-
ing cyclopropane in air; a bag of soda lime was added to take up
the carbon dioxide. After 30 minutes the concentration of eyclo-
propane in the air was determined, the mouse was removed and

.

204

MGM3 CYCLOPROPANE PER 100 cc VENOUS BLOOD

TIME -MINUTES
Fic 8 Ehmmation of cyeclopro
anesthesia Blood sam
and at regular intervals

3 after the admimstration of eyclopropane w:
(Robbins Anesth. & Analg., 18, 93, 1937) propane was stopped

pane 1n dogs after two to three houss of deep
ples were taken from the nght auricle immediately before
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RATE OF ELIMINATION OF CYCLOPROPANE AFTER ITS
ADMINISTRATION IS STOPPED

Dogs

For this study the dog was anesthetized for two to three hours
so that the tissues would have a relatively high cyclopropane con-
tent. The concentration of cyclopropane in the inspired mixture
was maintained at 25 to 30 per cent. The blood samples were
taken from the right auricular by means of a catheter which was
passed through the right external jugular vein to the auricle. At
fifteen minutes, and again at one minute, before the administra-
tion of the anesthetic was discontinued, blood samples were drawn
for analysis. At regular intervals during the first two hours after
the anesthetic was stopped, blood samples were taken and their
cyclopropane content determined. The elimination of cyclopro-

TarLe 13*
Rate of eltminalion of eyclopropane

[Milligrams Calls per 100 cc Venous Blood

Time Condition of Dog —_————
Dog 1 Dog 2 Dog 3

am
10:00 Deep anesthesia 20.5 203 200
10:14 Deep anesthesia 237 22.3 18.5
10.15 Administration of C;Hs

stopped

10:17.5 | Moving head 63 | 7.1 | 100
10:20 Awake 47 47 7.9
10:25 Awake 2.6 44 4.7
10: Awake 16 26 2.9
1 Awake 0.8 1.6 21
11: Awake 1 1 1.6
11:15 Awake 08 1.3 13
11:45 Awake 1 10 1.0
12.15 Awake 0 08 0.5

* Robbins® J Pharmacol and Exper Therap., 58, 251, 1936 (273).
t No samples tahen at these points.
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propanc in mixed venous blood after ancsthesia is stopped, n_nd
(d) the rapid excretion of cyclopropane from mice after 30-min-
ute anesthesia, saturation and desaturation of the tissues oceur at
a very rapid rate.

SUMMARY

There is close agreement between the concentrations of cyclo-
propane necessary for the different levels of ancsthesia and re-
spiratory arrest in man, monkey, dog, and cat.

The concentration of cyclopropane in the blood is proportional
to that in the alveoli after the dog has been on a fixed concentra-
tion for 15 to 30 minutes, at which time the amount in the mixed
venous blood is equal o that in the arterial blood.

Premedication with morphine, barbital, or amytal definitely
reduced the amount of cyclopropane for anesthesia without a
comparable reduction in the amount necessary for respiratory
arrest. This would indicate that premedication increases the mar-
gin of safety of cyclopropane in the dog.

The concentrations of cyclopropane in the blaod of the human
subject for the different planes of surgical anesthesia or compara-
ble EEG levels are quite similar to those observed in the dog that
has had premedication with morphine, demerol, or barbiturates.

With cyclopropane as with other general anesthetic agents, it
requires about three-fifths as much drug to produce moderate
anesthesia as it does to produce respiratory arrest.



38 CYCLOPROPANE ANESTHESIA

placed immediately in a 700 ce. flask which was attached to the
1.0; oxidation train; air was drawn through the tube at the rate
of 500 cc. per minute, and the I, liberated by the oxidation of cy-
clopropane, as it was exhaled, was collected in the KI tubes; fresh
tubes were placed in line each 10-minute period for one hour. Five
mice were used in this type of experiment. The average final con-
centration in the 20-liter bottle at the end of the 30-minute peri-
ods was 16.5 per cent.

Table 14 gives the results obtained in these experiments, re-
corded as mgm. cyclopropane per 100 grams mouse, recovered
each 10-minute period. In an experiment in which the collection
of cyclopropane was continued for two hours, only 3.8 per cent
as much was recovered during the second as during the first hour.

We feel then that (a) in the light of clinical reports, (b) the fact
that the cyclopropane content in the mixed venous blood is ap-
proximately equal to that in the arterial which is in equilibrium
with that in the anesthetic mixture in the alveoli after fifteen min-
utes on g fixed concentration, (c) the rapid diminution of cyclo-

TasLE 14
Elimination of cyclopropane by mice

Mgm Cills Recovered e 100, gram Werght 10 minute
ntervals

Experiment Number Total
010 | 1120 | 2030 | 3140 | 41-50 | 5160
1 158) 6.2 39 22 9 3 203
2 20 5 10.2 44 1.9 13 6 38.9
3 20 5.0 54 1.2 1.2 13 311
4 196 8.9 39 24 1.z G 36.6
5 175| 49 23 1 6 4 26.7
Average 18771 704) 398 1.74) 104 604 331
Per cent of total per
10-min interval 564(212 118 57 31 18
Per cent of total ad-
ditive 56 4776 [ 8.4 |951 982 [100
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propane in mixed venous blood after anesthesia is stopped, and
(d) the rapid excretion of cyclopropane from mice after 30-min-
ute anesthesia, saturation and desaturation of the tissues oceur at
a very rapid rate.

SUMMARY

There is close agreement between the concentrations of cyclo-
propane necessary for the different levels of anesthesia and re-
spiratory arrest in man, monkey, dog, and cat.

The concentration of cyclopropane in the blood is proportional
to that in the alveoli after the dog has been on a fixed concentra-
tion for 15 to 30 minutes, at which time the amount in the mixed
venous blood is equal to that in the arterial blood.

Premedication with morphine, barbital, or amytal definitely
reduced the amount of cyclopropane for anesthesia without a
comparable reduction in the amount necessary for respiratory
arrest. This would indicate that premedication increases the mar-
gin of safety of cyclopropane in the dog,.

The concentrations of cyclopropane 1n the blood of the human
subject for the different planes of surgical anesthesia or compara-
ble EEG levels are quite similar to those observed in the dog that
has had premedication with morphine, demerol, or barbiturates.

With eyclopropane as with other general anesthetic agents, it
requires about three-fifths as much drug to produce moderate
anesthesia as it does to produce respiratory arrest.
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The Effects of Cyclopropane Anesthesia
upon the Circulatory System

In the first papers by Lucas and Henderson (146, 147, 190) on
cyclopropane anesthesia it was reported that temporary irregu-
larities were observed on the blood pressure record of the cat,
which they suggested were due to dropped beats. They observed
that these irregularities were more apt to develop with a sudden
change in concentration of cyclopropane or when the concentra-
tion was high; lowering the concentration by adding oxygen
promptly abolished these abnormalities of rhythm. They re-
ported that the blood pressure was not changed until the stage
of respiratory arrest was approached.

Before Waters and his associates began their studies of cyclo-
propanc on man, Scevers, Meck, Rovenstine, and Stiles (297)
made a comprehensive study of cyclopropane upon dogs, cor-
relating the concentration of cyclopropane in the alveoli with the
planes of anesthesia, respiratory rate and volume, and cardiac
rhythm by means of electrocardiographic records. A paragraph
from their paper 1s quoted below:

Cardiac arrhythmias occur with high concentrations of cyclopropane. The
mnccntmtmn required to imtiate these irregulanties is in the same range as
that required to produce respi y paralysis, which usually occurs a few min-
utes prior to or following arrhythmia These nrrh) thmias usually disappear as
artificial respiration is instituted or the concentration lowered by adding oxygen.
This sgent, ke ether, 15 sufficently toxe to produce cardiac paralysis even
under artificial respiration m the presence of an adequate alveolar tension of
ovygen These concentrations are, however, far above the anesthetic range
(above 60 per cent). The mitial rregularities seen are probably of vagal origin
since they are abolibed by atropme. 1t 1s quite evident that these arthythmias
are not indweative of permanent eardiae change since a normal rhythm invari.

11




42 CYCLOPROPANE ANLSTHESLA

ably returns and remains regular as the concentration is diminished by adding
ovygen.

The types of irregularities they observed at the time or soon
after respiratory arrest were nodal Dbeats, nodal extrasystoles,
nodal rhythm, auriculoventricular block, idioventricular rhythm,
ventricular extrasystoles, ventricular tachycardia, and auricular
flutter.

Since cardiac irregularities of these types had been reported to
occur in animals and man (4, 116, 185, 203) when anoxia was
rapidly produced, and since Seevers ef al. were able to aholish
the irregularities by giving artificial respiration or decreasing
the cyclopropane content by adding oxygen, we were of the opin-
ion that the irregularities they observed at the time of or soon
after respiratory arrest were due to anoxia and not to eyclopro-
pane. .

RELATION OF ARTERIAL OXYGEN CONTENT TO THE CARDIAC
IRRLGULARITIES AT THE TIME OF RESPIRATORY
ARREST IN DOGS

Robbins and Baxter (275) have repeated the work of Seevers
¢t al. but made analyses of the blood for oxygen, carbon dioxide,
and cyclopropane, in addition to electrocardiographic studies.
Their work is reported below.

Methods Used

Electrocardiographic study. A standard Cambridge electro-
cardiograph was used The records were taken from lead II and
analyzed for rate, P-R interval, and T-wave changes, as well as
for abnormalities.

Blood gases. The Van Slyke-Neill (253) manometric apparatus
was used for the oxygen and carbon dioxide analyses. Arterial
blood was collected under il and 1 ec. samples were analyzed;
duplicate analyses were not made as a routine. Control samples
were taken immediately before the anesthesia was started. The
presence of cyclopropane in the later blood samples does not inter-
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fere with the oxygen and carbon dioxide determinations, as shown
by Orcutt and Waters (240).

The cyclopropane content of the blood was determined on 5 ce.
samples by the iodine-pentoxide oxidation method as deseribed
above.

Artificial respiration. A smalf respirator, a modification of the
Drinker-Collins machine, was used after the animals’ own respira-
tory activity had ceased. The rate as well as the amplitude of
inspiration and expiration could be changed at will, but usually a
rate of 21 per mioute with an inspiratory pressure of —10 mm.
of mereury and an expiratory pressure of 6 mm. was used.

Preparation of anesthetic mixture and mode of administration.
A Foregger metric machine was used to supply the cyclopropane
and oxygen. A soda lime cannister was used in a to-and-fro line to
absorb the carbon dioxide. The dogs were anesthetized by re-
breathing into a 6-liter bag containing 2 30 to 40 per cent mixture
of eyclopropane in oxygen. After anesthesia was sufficiently deep
to permit it, a tracheal catheter with an inflatable cuff was in-
serted and then connected in line with the filter and bag. The bag
was emptied and refilled two or three times during the experiment
1n order to remove the inert gas. Oxygen was added continuously
at the rate of its consumption.

Anaymal Ezxpervments on Dogs

The dog was attached on its back to the dog board and connec-
tions made for taking electrocardiographic records. A controt
record was taken. The right femoral artery was exposed under
procaine anesthesia and a control arterial sample taken. Anesthe-
sia was mduced as stated above, after which the cyclopropane
concentration was so adjusted as to maintain the animal at a fixed
level of anesthesia for 30 minutes. The image of the electrocardio-
graph string was under constant observation, and records were
taken during the induction and at definite intervals thereafter.
Reco.rds were also taken of any irregularities noted. After 30 and
80 minutes of anesthesia, arterial sawples were taken for analysis.
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Llectrocardiographic records were made at the time of blood
sampling. After 60 minutes’ anesthesia, the concentration of
cyclopropane was increased gradually until respiration stopped,
at which time an arterial sample was collected.

Blood gases, cyclopropane, and electrocardiographic studies
in the normal dog. In the first group of experiments the dogs were
anesthetized as above and arterial samples taken for oxygen and
carbon dioxide analysis, as well as for eyclopropane. Except for
the first two dogs (5A and 6A, table 15), we waited until cardine
irregularities developed after respiratory arrest before starting
the respirator. An arterial sample was taken for oxygen and car-
bon dioxide analysis as soon as irregularities were shown by the
image of the string of the electroeardiograph.

After irregularities developed, the respirator was started and
the concentration of cyclopropane in the inspired air was further
increased; arterial samples were taken at 15 to 30-minute inter-
vals during the rest of the experiment, and a final sample taken
when irregularities developed the second time.

The results of these experiments are given in table 15, in which
are recorded the control oxygen, carbon dioxide, and heart rate;
the oxygen, carbon dioxide, eyclopropane, and heart rate in deep
surgical anesthesia; the oxygen, carbon dioxide, cyclopropane,
and heart rate at time of respiratory arrest; and the oxygen and
carbon dioxide present at the onset of cardiac irregularities. In
that part of table 15 hended “Artificial Respiration”, the arterial
oxygen, carbon dioxide and eyclopropane concentrations, and
heart rate, at the time of the highest cyclopropane content with
electrocardiographic records still normal, are recorded in the first
column; similar data are recorded for the blood gases at time of
onset of the terminal irregularities. The final column records the
duration of the experiment. In three of these nine experiments it

was impossible to re-establish normal cardiac function after ir-
regularities developed, but in these the onset of irregularities was
4, 12, and 10 minutes after respiration ceased.

In the central column headed “Cardiac Arrhythmia” the ar-
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Electrocardiographic records were made at the time of blood
sampling. After 60 minutes’ anesthesia, the concentration of
cyclopropane was jncreased gradually until respiration stopped,
at which time an arterial sample was collected.

Blood gases, cyclopropane, and electrocardiographic studies
in the normal dog. In the first group of experiments the dogs were
anesthetized as above and arterial samples taken for oxygen and
carbon dioxide analysis, as well as for cyclopropane. Except for
the first two dogs (5A and GA, table 15), we waited until cardiac
irregularities developed after respiratory arrest before starting
the respirator. An arterial sample was taken for oxygen and car-
hon dioxide analysis as soon as irregularities were shown by the
image of the string of the electroeardiograph.

After irregularities developed, the respirator was started and
the concentration of cyclopropane in the inspired air was further
increased, arterial samples were taken at 15 to 30-minute inter-
vals during the rest of the experiment, and a final sample taken
when irregularities developed the second time.

The results of these experiments are given in table 15, in which
are recorded the control oxygen, carbon dioxide, and heart rate;
the oxygen, carbon dioxide, cyclopropane, and heart rate in deep
surgical anesthesia, the oxygen, carbon dioxide, cyclopropane,
and heart rate at time of respiratory arrest; and the oxygen and
carbon dioxide present at the onset of cardiac irrcgularities. In
that part of table 15 headed “Artificial Respiration”, the arterial
oxygen, carbon dioxide and cyclopropane concentrations, and
heart rate, at the time of the lighest cyclopropane content with
electrocardiographic records still normal, are recorded in the first
column; similar data are recorded for the blood gases at time of
onset of the terminal irregulanties. The final column records the
duration of the experiment. In three of these nine experiments it
was impossible to re-establish normal cardiac function after ir-

regularities developed, but in these the onset of irregularities was
4, 12, and 10 minutes after respiration ceased.

In the central column headed “Cardiac Arrhythmia” the ar-



—_—

Fic 9 Electrocardiograplue records from five dogs which received no pre-
anesthetic medication The dogs were foreed to respiratory arrest by gradually
inereasing the cyclopropane content of the anesthetic mixture, There were no
eardiae 1rregulanties pre<ent before respiratory arrest The wrregularsties shown
above developed 4 3 minutes after respiratory arrest and with an artenal oYygen
concentration of 3 9 volumes per cent. 13—ventncular extrasystole ansing from s
single focus 00-—-complete nunculoventncular dissocistion with slow rates,
aurieles 32/17 vantmalon o0t pn sl s e
AV blpek 2.1+
ventricles srre
(Robbins, Bas
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terial oxygen and carbon dioxide concentrations at time of onset
and type of irregularities present are recorded. Figure 9 shows the
first irregularities observed after respiratory arrest in 5 dogs. See
table 15 and figure 9.

The concentration of eyclopropane in the arterial blood at the
time of respiratory arrest in this series was 33 mgm. per 100 cc.,
which is 17 per cent higher than similar data reported above
(Chapter 2); this difference is due to the variation in duration of
anesthesia before respiratory arrest developed. In the earlier
studies, the anesthesia was gradually deepened over periods of 2.5
to 7 hours to respiratory arrest, whereas in this series the average
duration of the anesthesia was 1.1 hours before respiration
stopped.

After the dogs were placed in the respirator, an average arterial
cyclopropane concentration of 43.6 mgm. per 160 cc. of blood
was reached before the heart became irregular; this is an increase
of 31 per cent over the concentration required for respiratory ar-
rest

The complete data of a typical experiment (no. 9) are given in
table 16 with selected electrocardiographic records shown in fig-
ure 10. The arterial oxygen and carbon dioxide are both higher
under deep anesthesia than in the normal. Similar findings in man
under cyclopropane anesthesia were noted by Iathaway and
Orcutt as quoted by Waters (339).

Blood gases, cyclopropane, and electrocardiographic studies in
dogs with the vagi cut. In four dogs studied in the same manner
as the group above, the vagi were sectioned after the animals were
anesthetized. The data from these experiments are given in the
lower section of table 15. From a comparison of the average values
for the nine normal dogs with those of the four with vagi cut, one
can say that the vagus has very little effect upon the arterial con-
centrations of oxygen, earbon dioxide, and eyclopropane at which
respiration ceases and cardiac irregularities develop.

In table 17 the complete data are recorded from an experiment
(no. 17) similar to that in table 16 except that in this dog the vagi
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Fie 9 Eleetmcardmgrnphic records from five dogs which received no pre-
esthetic medication: The dogs were forced to respiratory arrest by gradually

the cyclopropane content of the anesthetic mixture There were no
cardiac irregularities bresent before respiratory arrest The irregularities shown
sbove developed 4 3 minutes after respiratory arrest and with an artenal oxygen
toncentration of 3 9 volumes per cent 13—ventricular extrasystole ansing from a
smgle focus, gg. Dl aurieul ricular d iation with slow rates,
‘ancles 52/1, ventricles 20/1°. 09—tachycardia of nodal origin, 140/1° 13—partial
AV block 2:1 to3.1 07—auriculoventreular dissociation—auricles regular, 100/17,
ventneleg irregular, 100717, The shadow of the upstroke of R has been intensified
(“D\l\ﬂns, Baxter, and Fitzhugh: Ann Surg , 110, 85, 1939)




TapLy 16*
Ezperiment 8. Normal dog

. Arterial -
Time | Staget GRS T Rate [ PR T Rbythm
CO:| O: CiHa
2o 2 mam seconds

905 | Normall40.8119.5 2 180, 0.08 — | Regular

9:30 | 1IL., H2.0208|206) 3 2201 0.08 — ] Regular

10.00 |IIL.., [43.1{20 8 | 25.0 5 240, 0.09 + { Regular

10:11 IV 50.6/19.25/ 34 6 6 150 0.1 4+ | Regular

10.13 |1V 7 |130f 0.11 | + | Regular

10.15 [IV 8 130[ 0.12 + | Regular

10118 | IV 9 100, 0.14 + | Regular

10:19 IV 10 0.16 + [ Partial block 2:1-
3:1 with final
arrest

10.19.5/ IV 59.0] 2 16 11 One P wave in 12
seconds;  no
ventricular ac-
tion

10:20 Placed in respirator. Ventilation rate, 21 per minute

10:20 5 12 50 0.1 + | Regular

10-21 13 50 0.1 + [ Regular

10:22 14 1300 013 + | Regular

10°24 13 70; 016 + { Regular

10:30 16 180; 0.08 4 | Regular

10 40 17 220, 0.08 -+ | Regular

10-45 28 31183 1388 18 160/ 0.08 + | Regular

11 00 26 6170 | 447 | 19 1100 0.12 - Regular

11:20 28.0114 1 {455 | 20 200 2-0 36 — { Totally irregular
with ventricu-
lar  extrasys-
toles

11-21 20.5 | 50| Auniculoventrieu-
lar nodal
rhythm

11 21 § 21 Ventricular fibnl-
lation

22 22 Ventrieular fibril-
lation

11.24 23 Ventricular fibrl-
lation

+ Roblins and Baxter J Pharmacol and Eaper Therap., 61, 162, 1937 (275)

1 Stage 1T = Absence of wink reflex, muscular relaxation, and beginning
failure of intercostal and diaphragmatic activity Stage IV = Respiratory arrest.

1 4 = Upnght T wave, — = Inverted T wave,

See figure 10 for selected E KG records
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Fie 10 Electrocardiogeaphic records from expeniment 9 Consult table 16
for data winch correlate the stage of hesia, arterial tration of cyelo-
Propane, oxygen, and carbon diovide with the records shown in this figure Fre-

quent U waves are present n E.K.G. number 9 (Robbins and Baxter: J
Pharmacol & Exper. Therap , 61, 162, 1937)

were sectioned 20 minutes after the experiment was started. Elec-
tracardiographic records are shown in figure 11.

The types of irregularities that developed during the period of
réspiratory arvest and in the presence of o low
content included no
loventricular block,

arterial oxygen
dal rhythm, ventricular extrasystoles, auricu-
and multiple focus ventricular tachycardia.



TarLE 17*

Ezperiment 17. The vagt were cul after the dog was anesthetized

Arteral .
Time | Stage R Rete ] 100eR) { wime Rhythm
€CO:| O: | Cile
FARART seconds
8:50 | Normal }42 5/19. 5] 1 105/ 0.12 4 | Sinus arrhythmia
8:55.5 Induc- 2 (150 0.09 [ 4 [ Regular
tion

8:57 | 111, 3 | 190 0.09 4+ | Regular

9:15 | III, 4 210! 0.08 + | Regular—vagi
cut 9°15.5

9:16 | 111, 5 |210] 0.08 | 4+ | Regular

9:30 | HI, W7.020.5/28.5( 6 |200| 0.08 | — ! Regular

9.45 | IILs_, 29.3 7 190 01 4 | Regular

10:15 | I, 48,2198/ 262 8 [160] 0.09 [ + | Regular

1043 | IIL_, 9 1150 0.1 + | Regular

10:53 | IV 60 0[11 3| 34.2 10 160; 0.08 + | Regular

10:55 | IV 11 [ 170, 0.08 | + | Regular

10:56 | IV 12 [ 1o 01 + | Regular

10°56.5) 1V 13 110 008 + | Regular

10:57 | IV 14 110] + | Nodal

10:58 | IV 15 | 130! + | Nodal with ven-
tricular extra-
systoles

10.59 |1V 63 0,0 95 16 70| + { Nodal with ven-
tricular extra-
systoles

11.00 | IV 17 Multiple  focus
ventricular ex-
trasystoles

11:00 Placed in respirater. Ventilation rate, 21 per minute

1102 18 e 01 + Regular

11:02 5| 19 250 01 + Regular

11:04 20 200, 0 08 + [ Regular

11:15 137 8117 1 36 2 21 180/ 0 08 + | Regular

11-30 362 23 190 0 08 + | Regular

11:45 40 7 24 160] 0 08 + | Regular

12 00 35 8/16 4} 44 2 26 140/ 0 08 + Tegular

12.15 47 6 27 140 Nodal

12:30 32 4/10 6| 50 7 29 140 Nodal

12:47 21 4| 6 0] 52 2 30 170 Nodal

* Robbns and Baxter. J.
See figure 11 for selected EK G records

Pharmacol and Exper. Therap., 61, 162, 1937 (275).

50
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Fi6 11 Electrocardiographic records from expeniment 17, Consult table 17
{or data which correlate the stage of anesthesia, arterial concentration of cyelo-
propane, oxygen, and carbon dioxide with the records shown in this figure. (Rob-
tins and Baxter J Pharmacol & Exper Therap , 61, 162, 1937)

These returned to normal under artificial ventilation and an in.
creased arterial oxygen and cyclopropane content. In the dogs
with the vagi cut there was no record of auriculoventricular block
nor was there any increase in the P-R interval during the period
of respiratory arrest.

The average duration of respiratory arrest, before the onset of
rregularitics in th ose dogs which returned to normal cardiac func-



‘TABLE 17*
Ezperiment 17, The vag: were cut after the dog was anesthetized

Arteral N
Time Stage Bt [Rate | (PR | (T Rbythm
CO:| O | GiHs
Jo | 2e ) mgm. seconds
8:50 | Normal 42.5119.5 1 [105] 0.12 | + | Binus arrhythmia
8:55 5] Induc- 2 |150] 009 + | Regular
tion

857 | III, 3 1190 009 | + | Regular

9:15 | III, 4 210 008 4+ | Regular—vagi
ont 9:15.5

9°16 | III, 5 210, 008 + | Regular

930 | IIT,, [47.0120 5| 28.5 6 |200 008 — | Regular

945 | III,_, 29,3 7 190, 0.1 -+ | Regular

10:15 | XX, (48 2[19.3[ 26.2 8 160| 0 09 + | Regular

10:43 | I, 9 150[ 0.1 + | Regular

10:53 | IV 60 O[11 3| 34 2 10 160/ 0.08 - | Regular

1065 | Iv 11 170| 008 + | Regular

10.56 | IV 12 | 1ol 0.1 + | Regular

10:56.6) IV 13 110, 008 + Regular

10:57 v 14 110 + Nodal

10:58 | IV 15 130 + Nodal with ven-
tricular extra-
systoles

10.59 | IV 63 0.0 95] 16 70| + | Nodal with ven-
tricular evtra-
systoles

1100 | IV 17 Multiple  focus
ventricular ex-
trasystoles

11 00 Placed 1 respirator Ventilation rate, 21 per minute

11 02 18 10] 01 + Regular

11:02 5| 19 | 250 01 + | Regular

11:04 20 | 200/ 008 4+ | Regular

11:15 37 817 1} 36 2 21 180 0 08 + | Regular

11:30 362 23 190 © 08 + | Regular

11:45 407 24 160; 0 08 + Regular

12:00 135 8116 4| 44 2 26 140/ 008 + Regular

12:15 47.6 27 140] Nodal

12 30 32 4110 6/ 50 7 | 29 | 140| Nodal

12 47 b1 4l 60/ 5221 30 | 170] Nodal

* Robbins and Baxter J Pharmacol and Exper. Therap., 61, 162, 1937 (275).
See figure 11 for selected TK G records

50
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Fia. 13 Eleetrocardiographie records from experiment 20. Sec figure 12 and
table 18 for further data.

arterial blood show that when artificial respiration is adequate,
the cyclopropane content of the blood can be increased to 2 level
ahout 30 per cent higher than that necessary for respiratory ar-
rest while the heart remains norraal. These data agree with those
obtained in the studies of Seevers ¢f al. on the concentrations of
cvelopropane in the inspired air.

In these experiments the relation of the cardiac regularities
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Fra. 12. Record of respiration and blood pressire from experiment 20, Sce
figure 13 and table 18 for further data.

tion after artificial ventilation was instituted, was 4.8 minutes. In
only one dog in this series was there any arrhythmia recorded
before respiration ccased, and that was a few ventricular extra-
systoles during induction in dog 18.

Figures 12 and 13 and table 18 show the blood pressure, blood
gas concentrations, and electrocardiographic records from a dog
treated as above except that blood pressure records were made in
addition to the others. It is of interest to note that under artificial
respiration the heart remained normal with an arterial content of
46.2 mgm. cyclopropane per 100 cc. of blood, whereas respiration
ceased with a cyclopropane content of 31,2 mgm. per 100 cc, of
blood.

From the above data, it scems that in dogs under cyclopro-
pane anesthesia the heart is not adversely affected until the con-
centration has been so increased that respiration stops or is 50
diminished that a state of severe anoxemia exists, even though the
anesthetic mixture in the bag contains adequate oxygen.

The arterial oxygen was considerably higher under deep anes-
thesia than in the control samples. Immediately after respiratory
arrest, the arterial oxygen was 3 volumes per cent lower than nor-
mal; this, however, rapidly declined until at the time of onset of
cardiac irregularities the artenial oxygen was only 2.8 volumes per

cent.
The data regarding the cyclopropane concentrations in the
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and Wastl (157), Koehler ef al. (173), and Alexander and Iim-
wich (4), in which anovemia was produced by inspiring low con-
centrations of oxygen in nitrogen. This would indicate that the
eyclopropane at this level is in no part responsible for the arrhyth-
mias.

Part of the effeets of anoxemia on the heart is due to stimuli
from the medulla heeause there are some differences between the
types of irregularities observed in dogs with vagi intact and those
observed in dogs with vagi sectioned, the most marked differences
heing the lack of increase in the P-R interval and the absence of
higher degrees of auriculoventricular block in the group with the
vagi cut. Ventricular extrasystoles, nodal rhythm, and multiple
focus ventricular arrhythmia were observed in each group at ap-
proximately the same degree of anoxemia; therefore, not all of
the arrhythmiss during respiratory arrest are of vagal origin,

During the period in which artificial respiration was maintained
(average of 80 minutes), the concentration of cyclopropane was
always above and on an average reached a level 30 per cent higher
than that required for respiratory arrest, while the heart was still
normal as shown by electrocardiographic records. Adequate oxy-
genation permits this increase. However, even though the arterial
oxygen is adequate and carbon dioxide decreases, if the cyclopro-
pane is increased sufficiently, cardiac arrhythmias and failure
result, probably due to direct action of the drug on the heart,

CARDIAC ARRHYTHMIAS AND HIGH CONCENTRATION
OF CYCLOPROPANE

Lee and his associates (181) in the study on the mechanism of
production of cardiac irregularities with high concentrations of
eyclopropane have reported some very interesting work. They
studied the effect of concentrations of thirty-eight to eighty per
ce{xt. eyelopropane m oxygen upon a large series of dogs, éeter»
wining the various cardiac arvhythmias that were produced and
at the same time determining the concentration of cyclopropane
as well as oxygen i the blood. The dogs were placed on the con-
eentrations up to 65 per cent cyclopropane from 30 to 60 minutes
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TagLr 18
The effect of artificial respiration, after respiratory arrcst produced by cyclopropane,
upon the heart rate, rhythm, and Llood pressure
LExperiment 20 Dog, 13.7 kgm., &—5/14/37

oot EKG Analysis
Time Procedure or Stage
Fressure | TRate | PR| T | Rbsthm

9.30 Control 130 1120 | .11 ] + | S A
9-35 C;H¢ on
9:36 134 ] 2 1o a2| + /8.4
9:42 126 | 3 |10{.12] + | Regular
9.57 11I1,_, 132 | 4¢| 110 | 12| + | Regular
1027 I, 136 | & | 110 .12 | + | Regular
10.36 v 105 | 64| 60| 14| + | Regular
10:37 v

Respirator started
10 39 v 140 [ 10* | 85| .2 | + | Regular
10.43 v 138 {11* | 85 .16 [ 4 | Regular
11415 v 108 [13%] 95| .14 Regular
11:30 v % | 14* | 95 .15 Regular
11:46 w 70 |16* 110 .14 Regular

* See figure 13 for electrocardiographic records Sce figure 12 for records of
blood pressure and respiration

to the very low arterial oxygen after respiratory arrest is striking.
The degree of anoxemia present at the onset of the irregularities
is severe We are of the opinion that the cardiac irregularities
which develop during this period of respiratory arrest are due not
to any effect of cyclopropane on the heart, but to the extreme
degree of anoxemin. Ths conclusion is based upon two points:
first, under artificial respiration we are able to build up a much
higher blood cyclopropane concentration without cardiae ar-
rhythmias; and second, Greene and Gilbert (116), Mathison (203),
and Resnick (266) have noted irregularities similar to those ob-
served here in their studies of anoxemia in relation to blood pres-
sure and electiocardiographic changes. It is of interest to note
that the arterial oxygen concentrations at the time of onset of
cardiac irregularities in thesc experiments with cyclopropane are
no higher than those observed m the experiments by Jarisch
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animal was placed in a respirator and given artificinl rcspifation
by that mechanism while the cyelopropane in the inspired air was
b;aing increased. It seems quite certain then that cyc\oprop.m_m
can and does produce cardiac arthythmias of spontaneous origin
in the dog heart providing the concentration of eyclopropane in
the inspired air is as great or twice as great as that necessary to
produce respiratory arrest. Two lines from the summary of Lee
of al. are given: “From the resuits of these studies it is apparent
that eardiac irregularities are aroused spontaneously in the dog
when the depth of eyclopropane anesthesia approaches respiratory
arrest.”

Studies on Cals

Stutzman and Pettinga (321, 7) reported a study on the mecha-
nism of cardiac arrhythmias during anesthesia using the eat as the
experimental animal. They found that by removing part of the
abdominal viscera, the adrenals, the splanchnic nerves up to T-10,
arrhythmias were abolished. They thought that afferent impulses
in the abdominal viscera were set off by cyclopropane which
caused efferent impulses via T-1 1o T-5 1o the heart to produce
irregularities; Allen and his associates blocked the irregularities
by cardiac sympathectomy. On the basis of their work and the
work of Allen, they believe that eyelopropane works by a reflex
mechanism upon the eat heart.

In 1945, Allen and his associates (5) reported some studies
upan the influence of the autonomic nervous system upon spon-
taneous cardiac arrhythmias during cyclopropane anesthesia.
In the cat, spontaneous cardiac arrhythmias oceur very frequently
i the lighter planes of anesthesia, and it is not essential for the
production of these arrhythmias to carry the animal to the plane
of respiratory arrest or to introduce some factor as morphine
or epinephrine. Allen and his associates set out with the intention
of showing the effects of the vagus and vagotomy and the effect
of the sympathetics and sympathectomy on cardiae arrhythmias.
In a series of 20 cats anesthesia was produced with eyclopropane
and the electrocardiographic changes observed. In 15 of the 20
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TasLs 19
Cardiac irrequlartties eriaing during controlled respiration with cyclopropane-
ozygen muziures of knewn concentration, as defermined by chemical analysis®

Averaget Auricu- ; [Ventric| stow [Ventric.[Ventric-
R A TR AR | S Ve e |, B
ton St Iiyslnle Rhythm| cardia | lation
porcent  minutes | T
38ioas | 60 | 12 2
45to51 | 45 | 15 | 4 5| 7 2 1
s5t06¢ [ 30 | 16| 81 3 1+ |6 | 2]z
65ta80 1 15 L 1 {1t {wlale |4l

* The amount of cyclopropane in the mixture is shown in the first column at
the left and the average time of administration of the various percentages is indi-
cated 1n the second column. There was inereased severity of irregularitics with
mereasing cyclopropane pereentages. Only one anesthetic mixture was tested on
any animal in o day

Lee et al. Ancsthestology, 4, 489, 1943 (181),

and from 65 to 80 per cent cyclopropane for only 15 minutes.
These animals had an endotracheal tube with an inflated cuff in
place and were given artificial respiration with these high concen-
trations just as soon as it was evident that their own respiratory
mechanism was beginning to fail, Part of the results of their studies
is shown 1n table 19.

It is interesting to note that as long as they stayed on a concen-
tration of cyclopropane that was in the range which produced
respiratory arrest in man, as quoted by Waters and Schmidt
(341), cardiac arrhythmias were observed in only two of twelve
animals, and these were ventricular extrasystoles. As soon as the
concentration was anywhere from 3 to 12 per cent higher than
their average, cardiac arrhythmias increased very greatly. As the
concentration was increased further, the frequencies of arrhyth-
mias were greater and more severe types were observed. The high-
est concentration of eyclopropane in the blood observed was 538.9
mgm. per 100 cc. and this was at a time in which the oxygen con-
centration was adequate. This value is 5 mgm. per 100 cc. higher
than any of those obtained by Robbins in his work in which the
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Fra. 14 Effect of amytal sodium upon the arrhythmia in the cat under cy?lo-
propane ancsthesia Arrhythmias were present in cach of the four cats at the time
of injection of amytal as shown on the left sde of the figure, and the rhythm

returned to normal within 20 seconds or Iess as shown in the right side of the
figure.

Duration of
Cat Wetght Gl Am3lal Reg, Rhylhm
mgm fkgm mn,
2 2.7 1.2 U] 10
3 2.6 33 10 3
M 3 32 8 2
5 206 10 2

16
{Robbins unpublished data (269))

of these cats was there a return to normal rhythm as a result of
the administration of atropine in this size dose. We have suggested
throughout that the preanesthetic medication to reduce or pre-
vent the frequency of cardiac arrhythmias during cyclopropane
anesthesia should be a barbiturate. This has been shown as 2 re-
sult of our studies in the dogs and now is supported by results in
these cats.

We carried out some further studies to investigate the possible
effcet of thorncotomy alone and thoracotomy with bilateral sym-
pathectomy upon the arrhythmias. It is not possible from the
paper of Allen and his associates to determine whether or not
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animals, cardiac arrhythmias, either ventricular tachycardia,
multiple ventricular extrasystoles or auriculoventricular tachy-
cardin, were observed. After bilateral vagotomy, ventricular
arrhythmias were observed in 19 of the 20 cats. Upon thoracotomy
and removal of the thoracic sympathetic ehain from the stellate
to the sixth thoracic ganglia bilaterally, the rhythm returned to
normal immediately in 17 of the 20 cats, and in three, A-V nodal
rhythm was present part of the time during the investigation
In a further series of 10 cats, bilateral sympathectomy was done
first. In 9 of these 10 cats, ventricular rhythms were present as a
result of the anesthetic. Upon thoracotomy with bilateral removal
of the sympathetic chain from the stellate to the sixth ganglion
there was a return to the normal sino-auricular rhythm in 7 cats,
and when the vagi were cut later, two of the ten cats still persisted
in ventricular thythm or an A-V nodal rhythm. As a result of
these studies on the 80 cats, they were of the opinion that the
cardiac arrhythmias could be prevented routinely or almost rou-
tinely by sympathectomy and that bilateral vagotomy had no ef-
fect whatsoever upon the arrhythmia.

We (269) had been interested in this same problem and studied
the effect of barbiturates upon the spontancous arrhythmia in the
cat during cyclopropane anesthesia. In a series of five cats, an
attempt was made to determune the effect of amytal upon the
cardiac arrhythmias produced by cyclopropane under moderately
deep anesthesia The concentration of cyclopropane in the blood
at the time of the injection of amytal was determined and 1e-
corded in these experiments. The doses of the amytal varied from
2.5 to 10 mgm. at a single injection but in no animal was more
than 17.5 mgm. per kilo administered. In each of four animals
that received as much as 8 mgm. per kilo at a single dose, cardiac
arrhythmias were returned to normal during the recording of the
electrocardiographic pattern on the electrocardiogram within
twenty to thirty seconds following the injection as shown in figure
14 and remained normal for two to ten minutes. In two instances,
atropine .2 mgm. per kilo was given intravenously, and in neither
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Tante 20

Effectof thoracolomy and thoracic sympathectomy
spontancous arrhythma in the cat unde
Lxperiment 7- Cat3 K

stellate to aizth ganglion upon the
r cyclopropane anesthesia

Stage Rhythm
[ .
CiHlson
Tube in
11, VEX; Nodal
II1,—Lt chain out 8A; occ. VEX
1II;—Lt. thorax 8A Reg
closed
III;—Rt. chain out SA Reg.
III,—Rt thorax SA Reg.
closed
Control 8A Reg.
Cslls on
SA Reg.

111,

Til:s tube in

Tl

111,

111, {amytal 10
mgm./kgm.)

Control

CiHls on

111y tube 10

11,5 (amytal)

VEX; Nodal
VEX; Nodal

SA; VEX—Nodal
SA Reg.

SA Reg.

VEX; Nodal
VEX; Noda.
SA Reg.
VEX; Nodal
SA Reg.
SA Reg.
SA Reg.

111, (amytal)

jos )
Control
Cstls on
it
I

SA Reg

SA; VEX; Nodal;
Tot irreg.

Bigem.; VEX~—No-

I
dal

« SA = mino-sunicular rhythm; Nodal = AV Nodal ventricular e(_-
trasystole, Tot. 1rreg = total irregular; Bigem = bigeminal rhythm.
Ree figure 15 for selected EX G records
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these were acute experiments or chronic experiments in which the
animals were permitted to recover, but comments by Allen indi-
cate that they were acute experiments in which the study of the
influence of sympathectomy and vagotomy was ended soon after
the sympathectomy or vagotomy, whichever occurred last in
their study.

In our study upon the effect of thoracotomy or thoraotomy
plus sympathectomy upon the cardiac pattern in the cat, nine
animals were used, Our procedure was to put the animals to sleep
with cyclopropane, place an endotracheal tube and carry them on
the closed system during the operative procedure. Electrocardio-
graphic records were made in the plane 2 or 3 of surgical anesthesia
before the operation was started, and then the thoracotomy was
done under clean technic with records of the heart after thora-
cotomy, with records after the sympathectomy on cach side and
then records immediately before closure as well as records after
closure; these animals were permitted to recover and studies made
upon them later. In addition to careful dissection and identifica-
tion of sympathetic ganglia from the stellate down through the
fifth or sixth on both sides, we observed, after the animal re-
covered, the size of the pupil as an indication at least of sympa-
thectomy of the upper portion of the thoracic chain, In two cats,
studies were made of the cardiac rhythm before and after anes-
thesia and after opening both sides of the chest on one cat, and
one side 1n the other, but without touching any of the viscera or
handling or dissecting the sympathetic system, otherwise a pure
thoracotomy. In each cat positive pressure respiration was main-
tained and the chest kept open for thirty-five minutes during
which time frequent electrocardiographic records were made. At
the end of this time, the thoracotomy was closed and records of
the heart pattern made for ten to fifteen minutes. The mechanism
by which the cardiac thythm was returned to normal as a result
of open thoracotomy and sympathectomy or open thoracotomy
alone is not clear at the present time, unless possibly due to an im-
proved elimination of carbon dioxide, but in eight of the nine cats
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Tamy 22

The cffcet of untlateral thoracotomy olone on sponlancous cardiac arrhythmia
in the cal wnder cyclopropane anesthesia
Lxperiment 13 Cat 3K

Date | Time Stage Tl EKG | Rate Rhythm
Blood

8/8 | 10:05 | Control 1 ] 216 | SA Reg.
10:06 | Cslfs on
10:10 | 111; 2} 228 | Nodal; VEX
1025 | 1T, 288 | Nodal; VEX
10.35 | 124 29 5 | 252 | Nodal; VEX
10:40 | 11I—Rt. thoraxapen
10.43 | 111 6 156 ) SA Reg.
10:50 | Iy P21 9 | 132 | SA Reg.
11710 ] 1k 22 11 156 | SA Reg.
11:15 | Rt. thorax clo~ed 12 138 ) SA Reg.
22 I, 26 3 192 | Nodal; VEX
11:35 | 11, 2 14 168 [ Nodal; VEX
11:36 | CsHg off
11-45 | Awake 15 201 | SA Reg.

See figure 17 for selected E X G recards.

mgm. per 100 cc. up to a high of 24 to 26 mgm. per 100 ce. There
reerns little question but that the thoracic sympathectomy has no
effect upon the frequency of the spontaneous cardiac arrhythmias
ohserved in the cat during cyclopropane anesthesia, and that
thoracotomy alone may give a temporary protection as long as the
chest is opened. Protocols of three experiments and electrocardio-
graphic records of these experiments are shown below in tables 20,
21, and 22 and figures 15, 16, and 17. A summary table 23 shows
data in each of the nine experiments. In only one cat with a thora-

cotomy and sympathectomy was there a failure to revert the
rhythm to normal.

EFFECT OF CYCLOPROPANE ON THE IRRITABILITY
OF THE AUTOMATIC TISSUE

Betlach (22), in studying the effect of ether, cyclopropane,
pentothal, and amytal on the heart as shown by electrocardio-
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that had a thoracotomy plus a sympathectomy or thoracotomy
alone, these procedures restored normal rhythm during the thora-
cotomy. In three cats in which bilateral thoracie sympathectomy
had been done, studies were made from seven to twenty-five days
after the sympathectomy upon the effect of eyclopropane anesthe-
sia on the cardiac rhythm. In each of seven experiments upon these
three cats, cardiac arrhythmias of all types were observed during
plane 2 to 3 of surgical anesthesia, and at times in which the
concentration of eyclopropane in the blood varied from a low of 19

TaeLE 21
Effect of thoracotonty alone on sp cardiac arrhythmias in the cal under
cyclopropane anesthesia
Experiment 12, Cnt 19 K

GH,
Date | Time Stage per tonce | EKG | Rate Rhythm
Blood

8/7 | 10 25 | Control A 11 180 | SA Reg.
10 30 | III: 12 90 | SA Reg
10 32 | Tube m
10 35 | IIls 13 72 | SA Reg.
10.36 | IIL; 14 168 | SA; Nodal; VEX
10 55 | Il 48 15 90 | SA Reg
11 10 | I, 65 16 264 | Nodal; VEX; Bigem
11 17 | Rt thorax open
11 20 | IIT, 18 120 | SA with3 VEX
11 22 [ Lt thorax open
11 30 | IIT. 65 19 132 | BA Reg
11 40 | III, 58 21 132 | SA Reg.
11 52 | Rt thorax closed 22 SA Reg
12 02 § Ly thorax elosed 23 120 | 8A Reg
12 10 | ITE, 67 24 120 | SA Reg.
12 14 | IIL, 25 114 | 8A; VEX
12 17 | 1IL 58 2 | 216 | Nodal; VEX, Tot

irreg

12 20 ( Cull, off
12.30 | Awake 20 114 | SA Reg

* The high values for cvelopropane in the blood of this cat is due to the high
fat content of the blood of this particular eat
Sece figure 16 for selected E K G records
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Fia. 17 Llectroeardiographic records from experiment 13 deseribed in table 22

Meek, Hathaway, and Orth (210) have studied the effects of
the injection of epinephrine hydrochloride (.01 mgm. per kilo-
gram in 5 ce. of saline, injected over a period of 50 seconds) upon
the heart rate and rhythm in trained unanesthetized dogs. After
adequate control studies were made, the same dogs were anes-
thetized to stage 11T, and 11, with cyclopropane, chloroform,
and ether on different days and the same amount of epinephrine
hydrochloride injected as in the awakened state. Continuous
eleetrocardiograms were made during and after the injections until
the heart returned to normal. The data from these studies are
shown in table 24 and figure 18. ;,__

The table presents some very interesting data in that in only
seven of the twenty experiments under ether were abnormal
changes produced by the injection of epinephrine hydrochloride,
and these were all nodal tachyeardias of short duration; the ab-
senee of arrhythmias resulting from eseape phenomenon is due
to the fact that ether depresses the vagal action both centrally
and peripherally. The absence of ventricular fibrillation in the
dogs under chloroform after the injection of epinephrine is un-
expected beeause of the ease with which it was produced in cats
by Levy (1S4) and the ease with which Douglas (86, 87) was
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Fic 16 Electrocardiographic records from experiment 12 deseribed in table 21

grams, found that ether and cyclopropane ancsthesia produced
ventricular extrasystoles but that amytal or pentothal did not
cause any abnormal changes

In some 40 non-premedicated dogs i which we have made
electrocardiographie records during anesthesia with cyclopropane,
we have observed or recorded itregularities in only three before
intercostal paralysis and one of these occurred during tapid in-
duction (277).
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Firc 18 Arrhythmias observed after the injection of the test dose of adrenalin
in cyclopropane and chloroform anesthesiay

A. Deep cyclopropane Scattered premature beats are followed by ventricular
tachycardia and this passes into ventricular fibnllation. B. Deep cyclopropane.
A-V nodal rhythm appears which 1s followed by ventncular tachyeardia and later
by recovery C Light chloroform A rapid A-V nodal rhythm is followed by
recovery D Deep chloroform A-V nodal rhythm s followed by complete A-V
heart block and a slow independent ventricular thythm (After Meek, Hathaway,
and Orth J. Pharmacol & Exper. Therap , 61, 240, 1937)

However, when no adrenalin was injected we were able to keep all the animals
stuthed in surgical anesthesa with a normal heart rhythm. Their ability to
withstand further stramn was, however, definitely lessened. On the other hand,
eyclopropane has a certain advantage over many anesthetics in that the tissues
may be saturated and desaturated quickly The fundamental data, at the pres-
ent moment, are not abundant enough to justify one 1n determining the exact
value of cyclopropane as an anesthetic agent.

Their evidence convinces one that cyclopropane increases the
irritability of the automatic tissues of the heart in dogs more
than chloroform or ether. The size dose of epinephrine used is
only twice the amount that Cannon (58) estimates could be
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TanLE 24*
Showing the cardiac effects of the lest injection of adrenalin on animals which had
been under the anesthesia indicated for S0 minules or more
Ten of the znimals were carried through the entire series. Repeated tests under
the same condition showed almost exact duplication of results

P Iy ;:- .:; £ Eé JElLE 5E
seven (3325 (220 2| D251 £ |32| 25|25 |kt
2E 18|38 2 |gE| 28| 5 {=st 25 5
Ef =g % ';s.’i §.5 3 é's EI: 28
seconds
Controls 17 6|1 12|14 10}|09 5 110
Light ether 10 8 4] [] 0 [ ] 0 (UM
Deep cther 10 [ 0 0 0 0} 4 0 o0
Light chloroform [ 10 [ 5| o| 4| o| 5| 4 [ 3| 1| 0 280
Deep chloroform | 10 | 6 | 2| 7| 0] 8} 2 | 5 2|0 (220
Light eyclopro-
pane il 3| 2 s{n|sfojum|1|190
Deep eyclopro-
pane 7| M 1] 0| 1t |13/5 )]0 /|16]1]45
Deep cyelopro-
pane with pre-
medication W, 9; 00 0| 1] 9|3 |0 o]0 480
Deep chloroform
with  respira-
tory arrest. No
adrenalin 4 2 0 0 2|4 o0

* After Meck, Hathaway, and Orth- J Pharmacol and Exper. Therap., 61,
210, 1937 (210)

able to produce it i dogs. The increased frequency of arrhyth-
mias of the more severe types (ventricular tachycardia and ven-
tricular fibrillation) and the long duration of these in dogs under
cyclopropane are of great interest. A paragraph from their com-
ments is quoted below:

Cyelopropane, as judged by our standard injection of adrenalin, has a more
marked stimulating or sensitizing effect on the ventricular automatic tissue than
either chloroform or ether Chloroform ranks second and ether third. This may
not mean that cyclopropane 1s a dangerous anesthetic agent, for almost any
pharmacological agent has some undesirable side effect It certainly does mean
that great attention must be given the heart during a cyclopropane anesthesia,
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the sino-aurieular rate. Under chloroform some eardiae sensitization was shown
to cobefrin and arterenol, less to ephedrine, and none to neosy nephrin.

In a later paper Orth ef al. (243) have reported in detail the
work which was quoted above in summary. Five of twenty dogs
anesthetized with cyclopropane developed ventricular fibrillation
after the injection of epinephrine HCL, .01 mgm. per kilogram,
whereas in eighty other dogs under eyclopropane anesthesia the
injection of other sympathomimetic amines, in doses that pro-
duced a rise of blood pressure equal to that produced by the dose
of epinephrine HC}, developed ventricular fibrillation in only
two dogs. These results are shown in table 25.

Orth and his associates, in a further study on the relationship
of chemical structure of sympathomimetic amines to ventricular
tachyeardia during anesthesia in which fifteen drugs were added
to their original eleven, show that six primary and secondary
amines with the catechol nucleus produce ventricular tachycardia
when given in doses producing the same rise of blood pressure as
that observed following the administration of epinephrine. Ter-
tiary amines with the catechol nucleus and other amines do not
produce these cardiac arrhythmias.

Likewise, Murphy and his associates (226), in a study on the
effect of aliphatic sympathomimetic amines on cardiac automatic
tissues in dogs under cyclopropane in which eighteen amines
were studied, found that with six there was no ventricular tachy-
cardia produced with dogs under anesthesia with a dose that
produced a rise in blood pressure equal to that of the standard
dose of epinephrine. However, with eleven of these compounds
there was observed extrasystoles and ventricular tachycardia
when the dose of the drug produced an increase in blood pressure
equal to that of the standard dose of 0.01 mgm. per kilo of epi-
nephrine. All of the aliphatic amines studied that gave rise to an
mereased blood pressure also gave rise to sino-auricular tachy-
cardia.

In a later study by Stutzman and his associates (322) upon
twenty-six primary and secondary amines, it was ohserved that,
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liberated by the maximal reflex stimulation of the sympathetic
system. Whether or not cyclopropane increases sympathetic
activity is not definitely shown.

Orth, Stutzman, and Meek (245) have reported the effects of
numerous sympathomimetic amines upon the heart of dogs under
ether, cyclopropane, and chloroform. An abstract of their report
is given below:

Dogs were maintained until equilibrated on mintures of ether, ehloroform,
or cyclopropane, diluted with ovygen, and sufficient to produce decp surgical
th Various sympatt tic amines (ad lin, ephedrine, propadrn,
benzedrine, cobefrin, kephrine, cpinine, paredrine, arterenol, synephrin and
neosynephrin) m doses equivalent in blood pressure rawsing power to 0 01 mgm
per kgm of adrenalin were diluted with Locke’s to a standard volume and 10-
jected mntravenously at a standard rate. Electrocardiograms (lead 11 throughout)
of the arrhythmias resulting allowed the determination of the stimulating or
senisitizing effect of each of the ancsthetic agents on the autonomic tissues of
the dog’s heart.

Information regardmg the active group in the molecules of the amine; the
effect of premedication by some of the barbiturates, and evidence as to whether
the cardiac cffects under cyclopropane are due to the direct action of the agent
or to an accompanying anosemia, has been obtained .

Cyclopropane greatly enhances the activity of adrenalin on the automatic
tissues of the dog’s heart. In controls adrenalin produces only escape phenomena
but under the aresthetic multifocal ventricular tachyeardia occurs in practcally
all experiments Adrenahn is therefore contraindicated in cyclopropane anes-
thesia Comparable pressor doses of arterenol, epinine, cobefrin, and kephrine
acted sumlarly to adrenalin on the ventricular automatic tissue in eyclopropane

th Cyel pane sensitizes the ventricular automatic tissue to those
sympathomimetic amines with the catechol nucleus. Ephedrine, paredrne,
benzedrme, propadrin, synephrin, and neosynephrin do not, m comparable
pressor dosages, exert such effects in cyclopropane anesthesia However, all but
neosynephrin markedly accelerate the sino-auricular rate. In the dog under ¢y-
clopropane, neosynephrin 1s the sympathomimetic amine most favorable to the
heart Anoxemia was not a factor in the sensitization Premedication with sodium
barbital, amytal, or nembutal gave no protection agamst eardiac sensiti atron
from cyclopropane

In ether anesthesia neither ephedrine, arterenol, cobefrm, nor neosynephrin
produced ventricular tachycardia Presumably then ether does not sensitize the
heart to any of the common types of ammes All except neosynephrin inereased

a
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with enly twe there were no undesirable effects produced. These
two drugs were methoxamine and phenylephrine.

Cummings and Hays (78) have reported studies of adrenergic
and ganglionic stimulating drugs administered during eyelo-
propane. They observed in thirty-siv dogs under cyelopropane
anesthesia, 16 per cent, that 1.98 micrograms per kilo induced
ventricular extrasystoles in all animals, whereas in dogs under
ether anesthesia ten times this amount of the drug did not pro-
duce cardiac arthythmias. In dogs, phenylephrine, methoxamine,
and naphazaline, in doses which gave vasopressor response equal
to that of the standard dose of epinephrine, failed to cause cardiac
arrhythmias, Thus they feel that cardiac arrhythmia is not due
to or is not necessarily a result of the hypertension that is pro-
duced by the sympathomimetic amines, as is thought in some
instances by Moe and his associates (103).

Decerebration and arrhythmias. Allen and his associates (8),
in their study on the production of ventricular tachycardia by
epinephrine on decerchrate animals, in which decerebration had
been produced by the anemic technique, found that in fourteen
Lof fifteen experiments the standard dose of adrenalin did not
produce cardiac arrhythmias. With doses of three to thirty times
the stardard dose they found ventricular tachycardia in some
instances, They conclude, therefore, that the intact mid brain
is necessary for the production of eardiac arrhythmias under
eyclopropane anesthesia by the injection of adrenalin. Likewise,
by the removal of the stellate and 2nd to 6th thoracic ganghia in
two dogs, they were able to prevent the arrhythmias on the in-
jection of epinepbrine. From these studies they conclude that
eyelopropane stimulates the brain centers and also has a direct
action on the heart.

Thyroid and cardiac arrhythmias. In subsequent studies by
Stutzman and Meck (318) upon the role of thyroid in eyelopro-
pane-adrenalin tachycardia, the duration of the ventricular
tachyeardia after the intravenous administration of the test dose
of epinephrine to normal dogs was used as a standard of compari-
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Cardiac arrhythmias resulling from injection of blood pressure raising drugs in
doses equal in effeciiveness to 0.01 mgm. of adrenalin
surgical cyclopropane anesthesias

per kilogram during

ET L] ELEl = Ty
Sl.elE |48 E|LE|4E
Ba 58|50 Ex|5g8 (55|88
Procedure Dosage Eg é ;?,? g? ? 5% ERS §§ gé
85| s |na 8| 3 |2F |5 |5 2
z < |t O K L i
mgm per kgm
Adrenalin control 0.01 19f1w0f12| 7{15§5| 3 0
Adrenahin with cyclopro-
pane 0.01 20) 1| 9|10} 7{0(20]5]17
Ephedrinecontrol 40 13| 9|l 9| 8f8ts|1|0]0
Ephedrine with cyclopro-
pane 4.0 13| ol ojfl0of 5(0| 2|0}13
Propadrnin control 30 1n|w| 5| 5| 4[5{0j0]1
Propadrin with cyclopro-
pane 30 1| 0| ol 3|o0|lo|o0fl0]|8
Benzedrine control 50 1| 1| 64| 2/0ofof0]|2
Benzedrine control 5 10 1{6{1{1j0f 1 0/I0
Cobefrin control 0.025-0.05 11| 6| 6| 5 7| 4] 170} 0
Cobefrin with eyclopropane 10| 0| 2|4} 6|1 j10f1]3
Kephrine control 1.0 4 2} 3f{2(3|1]0|O0|0C
Kephrine with cyclopropane( 0 50-0 75/ 4| 0| 0 4( 2{ 6 | 4|0 4
Epinine control 010 6| 2{1|2;4|0j0[{00
Epimne with ¢yclopropane 010 70l ol6fs5|0|7|1]5
Paredrine control 07-10| 8 1 5{ 2| 6/f0f0]0|0
Paredrine with cyclopro-
pane 7ol 1] 3]ojlo| 1|0} 5
Artereno! control 001 6] 2)5) 2] 5/4)0]0] 0
Arterenol with cyclopro-
pane 001 5|1 1| 4 32 4|0 2
Synephrin control 3050 6| 2| 2/ 5[ 1(3[0f0]| 0
Synephrin with cyclopro-
pane 4l ofof3f1lojofo]| 4
Neosynephnin control 0 05 0| 4] 31 5] 2|1 1|0} 0
Neosynephrin with eyelo-
005 0| ofof1|0|0 00 0

propane

e —
* Orth et al J.Pharmacol and Exper Therap , 67, 1, 1939 (243).
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mechanisms other than these that were responsible for the benefit
which they obtained when this operative procedure was carried
out.

Potassium and cardiac arrhythmias. Two of the most interest-
ing studies arising from the laboratories at the University of
Wisconsin were those by O’Brien and his associates (238) upon
{the effect of sympathomimetic amines on arterial plasma potas-
sium and eardize rhythm in anesthetized dogs. They measured
the change in arterial potassium after epinephrine in dogs under
cycloprapane anesthesin, under pentobarbital sodium, and under
ether, and in the awakened state, and after dihydroergotamine
and dibenamine administration. They observed in the dogs under
cyclopropane that there was an increase in the potassium of
approsimately 100 per cent, and in all of these animals ventricular
tachyeardia was noted. When dihydroergotamine and dibenamine
were administered, then a subsequent administration of epineph-
rine failed to produce a rise in arterial potassium and nlso pre-
vented the ventricular {achycardia and kept the blood pressure
on a normal or constant state. They believe then that by some
mechanism epinephrine under cyclopropane causes a liberation
of potassium which in turn causes the cardiac archythmias.

In 2 more recent study by O’Brien and his associates (237)
on the effect of the elimination of the hepatic circulation on cyclo-
propane-epinephrine ventricular tachycardia and arterial potas-
sium in dogs, they have reported the following observations,
In eleven control dogs, ventricular tachycardia and a rise of
potassium of 16.5 mgm. were observed upon the administration
of 005 mgm. of epinephrine per kilo over a fifty second period.
In a group of eighteen dogs in which there was a porto caval shunt
and figation of the hepatic artery, thus excluding the hepatie
blood flow, there was complete protection in seventeen of the
cighteen dogs and almost complete absence of the potassium
changes that were ordinarily produced by epinephrine.

They believe now that cyclopropane anesthesia stimulates the
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son of the effect of thyreid upon the irritability. It was observed
in eleven control dogs that the duration of the tachycardia was
fifty-two scconds at a time when the dogs used an average of 125
cc. of oxygen per sq. meter per minute. In the animals that were
hypothyroid as indicated by reduction of 33 per cent in their
oxygen utilization, the duration of the tachycardia was only
sixteen seconds in six of the cleven dogs that showed a tachy-
cardia. In eleven dogs that were hyperthyroid as indicated by
oxygen consumption of 58 per cent above the control, the ad-
ministration of the standard dose of adrenalin produced a tachy-
cardia of 83 seconds. Thus they feel that the thyroid hormone
increases the sensitivity of the heart to cyclopropane and epi-
nephrine.

Digitalis and cardiac arrhythmias. Stutzman and his asso-
ciates (316) report a study of the response of digitalized heart to
cyclopropane-cpinephrine i the dogs. They found that the type
of arrhythmia observed is much more severc in these animals
and that the duration of the arrhythmia is greater in the animals
that had had digitalis than in the control animals.

More recently the studies from the laboratory at the University,
of Wisconsin have been along the line of trying to observe what
portion of the body is necessary and essential in the production
of these cardiac arrhythmias upon the administration of epineph-
rine during cyclopropane anesthesia. In 1947, Stutzman and his
associates (320-321), by the removal of certain portions of the
sympathetic system in the abdomen, particularly that in the
mesentery of the upper part of the small intestine, found that
there were no arrhythmas following the administration of epi-
nephrine under cyclopropane anesthesia. They felt that stimuli
from this area were sent up by afferent fibers in the sympathetic
system to the brain and were returned again to the heart by way
of the sympathetic system to sensitize the heart against cyclo-
propane. What part possible trauma or shock had in producing
this protection is not quite clear, but later experiments showed
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mechanisms other than these that were responsible for the benefit
which they obtained when this operative procedure was carried
out.

Potassium and cardiac arthythmias. Two of the most interest-
ing studies arising from the laboratories at the University of
Wisconsin were those by O'Brien and his associates (238) upon
the effect of sympathomimetic amines on arterial plasma potas-
sium and eardiae rhythm in anesthetized dogs. They measured
the change in arterial potassium after epinephrine in dogs under
cyclopropane anesthesia, under pentobarbital sodium, and under
ether, and in the nwakened state, and after dihydroergotamine
and dibenamine administration. They observed in the dogs under
cyclopropane that there was an increase in the potassium of
approximately 100 per cent, and in all of these animals ventricular
tachycardia was noted. When dikydroergotamine and dibenamine
were administered, then a subsequent administration of epineph-
rine failed to produce a rise in arterial potassium and also pre-
vented the ventricular tachyeardia and kept the blood pressure
on a normal or constant state. They believe then that by some
mechanism epinephrine under eyclopropane causes a liberation
of potassium which in turn causes the cardiac arrhythmias.

In a more recent study by O’Brien and his associates (237)
on the effect of the elimination of the hepatic circulation on eyclo-
Propane-epinephrine ventricular tachycardia and arterial potas-
slum in dogs, they have reported the following observations.
In eleven control dogs, ventricular tachycardia and a rise of
Potassium of 16.5 mgm. were ohserved upon the administration
of .005 mgm, of epinephrine per kilo over a fifty second period.
Ina group of eighteen dogs in which there was a porto caval shunt
and ligation of the hepatic artery, thus excluding the hepatic
b.l°°d flow, there was complete protection in seventeen of the
€ighteen dogs and almost complete absence of the potassium
changes that were ordinarily produced hy epinephrine.

They believe now that cycloprapane anesthesia stimulates the



76 CYCLOPROPANE ANESTHESIA

sympathetic system, producing a release of potassium from the
liver, causing the heart, which is sensitized by eyclopropane, to
develop a tachycardia and ventricular rhythm.

CARDIAC ARRHYTHMIAS IN MAN

Waters and Schmidt (341), Sise (301), and others (288) have
called attention to the arrhythmia, bradycardia, and oceasional
rapid increase from a rate of 60 to 120 or more in man under
cyclopropane anesthesia. Kurtz, Bennett, and Shapiro (175) in
an electrocardiographic study on patients found ventricular
extrasystoles in 55 per cent and multiple focus ventricular tachy-
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Frc 19 (Case 1) A woman, aged 23, with a normal heart had a laparotomy
under c3clopropane There was nodal rhythm with frequent extrasystoles at
thirty-seven minutes, second plane anesthesia during removal of appendix. Mul-
tiple focus ventneular tachyeardia beginning one minute later, second and third
planes of anesthesia, while the surgeon w as exploring the pelvis. Return to normal
rhythm at forty-three minutes A, before operation; B, in second plane of an-
esthesia at thirty-seven minutes, during removal of appendix; C, 1 second and
third planes, from thirty-eight to forty-tw o minutes, dunng exploration of pelvis;
D, n second plane at forty-three minutes, dunng removal of right tube; E, re-
covery at seventy-one minutes, F, eight hours after operation. (After Kurtz,
Bennett, and Shapiro- J A AL A, 106, 434, 1936)
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Fic¢ 20 (Case 2) A woman, aged 32, with a normal heart had a pelvic opera-
ton under cyclopropane. There was ventricular extrasystolie rhythm at tea
minutes during the preparation of the operative field, first plane anesthesis and
ultaple Sotus ventricular tachyeardia at thirty-six minutes while the abdomen
was being explored, first plane anesthesia Rhythm returned to normal before the
end of the operation after passing through transition stage shown in D at forty-
three minutes. A, before operation (leads I, 11, and III); B, m first plane of anes-
thesia at ten minutes during preparation of field (lead 1I), C and D, first plane,
thirty-six and forty-three mtnutes, respectively, explaration of abdomen (lead
11}, E, ten hours after operation (leads I, 11, and III); F, five weeks after opera-

tron (eads X, 15, and 111} (After Kurtz, Benpett, and Shapira.J A.DL A,
434, 1036)

eardia in 10 per cent of the patients under cyclopropane anes-
thesia, records of two of their cases are shown in figures 19 and 20.

Thienes, Greeley, and Guedel (333) noted in their work that if
one increased the concentration of eyclopropane above that
uccessary to produce yespiratory arrest, the cardisc arrhythmic
area might be passed through, and one would get into an area
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sympathetic system, producing a release of potassium from the
liver, eausing the heart, which is sensitized by cyclopropane, to
develop a tachyeardia and ventricular rhythm,

CARDIAC ARRHYTHMIAS IN MAN

Waters and Schmidt (341), Sise (301), and others (288) have
called attention to the arrhythmia, bradyeardia, and occasional
rapid increase from a rate of 60 to 120 or more in man under
cyclopropane anesthesia. Xurtz, Bennett, and Shapiro (175) in
an electrocardiographic study on patients found ventricular
extrasystoles in 55 per cent and multiple focus ventricular tachy-
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Fic 19 (Case 1) A woman, aged 23, with a normal heart had s laparotomy
under eyclopropane There was podal rhythm with frequent extrasystoles at
thirty-seven muinutes, second plane anesthesia during removal of appendix. Mul-
tiple focus ventricular tachyeardia beginning one minute later, second and third
planes of anesthesia, while the surgeon was exploring the pelvis. Return to normal
rhythm at forty-three minutes A, before operation, B, in second plane of an-
esthesia at thirty-seven minutes, during removal of appendiv; C, 1 second and
third planes, from thirty- eight to forty two minutes, durmgexplomuon of pelvis;
D, in second plane at forty -three minutes, during removal of right tube; I, re-
covery at seventy-one minutes, F, eight hours after operation (After Kurtz,
Bennett, and Shapiro J. A M. A., 106, 434, 1936)
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supplemental respiration was begun, and soon ventricular tachy-
cardia was .observed in twelve of fifteen patients, When the
absorber was replaced in the system and supplemental respiration
was given, normal rhythm returned in three to six minutes in
all of the subjects, indicating at least that carbon dioxide excess
had greater effect in producing cardine arrhythmins of severe
type than did oxygen lack.

Group 3—Hyperventilation and CO; accumulation in twenty-
five patients. These subjects were carried in stage 111, plane 1,
surgical anesthesia with supplementation to the respiratory ex-
change with the earbon dioxide absorber out of the system for a
period of twenty or thirty minutes. Ventricular extrasystoles and
ventricular tachyeardia were observed in six patients. The rhythm
returned to normal in three to four minutes after the carbon
dioxide absorber was placed in a line.

Group 4—Twenty-five patients that had major cardiac com-
phieations and major surgical procedures. In this group the sub-
jects were maintained on supplemental respiration with adequate
oxygen and adequate carbon dioxide absorption, and no arrhyth-
mias were observed. He helieves that the cardiac arrhythmias
observed most frequently under cyclopropane anesthesia are a
result of inadequate elimination of earbon dioxide and that these
arrhythtnins may be prevented providing supplemental respira-
tion or controlled respiration is adequate.

Electrocardiographic records of his studies are shown in figures
21,92, and 23.

In a subsequent study by Johnstone (159) on the effect of
gc_neml anesthetics and cardiac inhibition, he observed arrhyth-
mias present in sixty subjects and believed in part that arthyth-
mias were of thg so-called vagal reflex type in which the action
?T the~ anest.heh.c upon the respiratory tract produced afferent
impulses which in turn were sent down the vagus. He is of the

opim?n t}\at this type of arrhythmia may be inhibited by usmg
atropine in large doses, 1.2 mgm. or more.
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with high cyclopropane in the inspired air in which cardiac ar-
rhythmias would not be observed. Thus they have reported and
have used 60 to 75 per cent cyclopropane in oxygen and reduced
the frequency of cardiac arrhythmias. They believe that the
cardiac arrhythmias are due to impulses arising in the hypothal-
amus, and that if the hypothalamus is depressed by this high
concentration of cyclopropane, the impulses will not go down and
cause arrhythmias of the heart. Likewise, Thicnes and Greeley
(332) have reported that the eardiac arrhythmias are most fre-
quently observed at the level of respiratory arrest or apnea, and
so they believe at the time they published their paper that in
order to correet this an increase in the cyclopropane content with
artificial respiration is the method of choice. This so-called ar-
rhythmic area, at respiratory arrest, may be related to oxygen
lack, earbon dioxide excess, or both, as noted below.

More recently, Johnstone (158) has published a study on
cyclopropane anesthesia and ventricular arrhythmias in man.
He studied the effect of cyclopropane, earbon dioxide excess,
oxygen lack and artificial respiration in a series of ninety patients.
These patients were divided into four groups.

Group 1—Hypoxia. Twenty-five patients were allowed to
breathe on their own effort for five to fifteen minutes with deep
cyclopropane anesthesia. Ventricular arrhythmias were observed
m all twenty-five subjects and ventricular tachycardia in two
and bigeminal rhythm in twenty-three. The rhythm in all patients
returned to normal as soon as the respiration was supplemented
by pressure upon the bag. This return to normal rhythm oc-
curred in a period of two minutes or less following the supple-
mental respiration.

Group 2—Hypoxia and carbon dioxide excess. Fifteen patients
were anesthetized to deep surgical anesthesia and diminished
respiration caused a decrease i the oxygen intake and an increase
in the carbon dioxide tension in the alveola. Cardiac irregularities
and ventricular extrasystoles were observed 1n all patients. Then
the carbon dioxide absorber was taken out of the system, and
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supplemental respiration was begun, and xoon ventricular tachy-
cardia was .observed in twelve of fifteen patients. When the
absorber was replaced in the system and supplemental respiration
was given, normal rhythm returned in three to six minutes in
all of the subjects, indicating at least that carbon dioxide excess
had greater effeet in producing cardiac arrhythmias of severe
type than did oxygen lack.

Group 3—Hyperventilation and CO: accumulation in twenty-
five patients. These subjects were earried in stage 111, plane 1,
surgical anesthesia with supplementation to the respiratory ex-
change with the carbon dioxide absorber out of the system for a
period of twenty or thirty minutes, Ventricular extrasystoles and
ventricular tachyeardia were observed in six patients. The rhythm
returned to normal in three to four minutes after the earbon
dioxide absorher was placed in a line.

Group 4—Twenty-five patients that had major cardiac com-
?\icz\ﬁons and major surgical procedures. In this group the sub-
jects were maintained on supplemental respiration with adequate
oxygen and adequate earbon dioxide absorption, and no arrhyth-
mias were observed. He believes that the cardinc arrhythmias
observed most frequently under cyclopropanc anesthesia are a
result, of inadequate elimination of carbon dioxide and that these
ﬂ_"rhythmias may be prevented providing supplemental respira-
tion or controlled respiration is adequate.

Electrocardiographic records of his studics are shown in figures
21,22, and 23,

In a subsequent study by Johnstone (159) on the effect of
g:i‘:‘xesm‘ anest?xeti'cs and cardiac inhibition, he observed arrhyth-
mine I‘:T:::I:)tf \8 sixty subjeets and believed iq part.that nrrhy.th-
o tho anenl, t]e so-called vagal lreﬂex type in which the action
impulses wi ? 1¢ upon the respiratory tract produced.aﬂ'ercnt
opition that t‘; l:.m t'um were sent (}cwn the vagus. He is of lthe
atkopine in T, 15 type of arrhythimia may be inhibited by using

ge doses, 1.2 mgm. or more.
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EEE

Fia. 21, All lead 11
A After thirty minutes of cyclopropane anesthesia, with assisted respiration
and CO4 absorption
B. Spontaneous depre~sed respiration for the previous ten minutes with COs
abeorption
C Assisted respiration resumed three minutes previously. (Johnstone Brit.
Heart J., 12, 23), 1950)

RELATION OF PREMEDICATION TO THE CARDIAC IRREGULARITIES
IN DOGS UNDER CYCLOPROPANE

While we were investigating the effect of premedication with
morphine, barbital, and amytal upon the quantity of cyclopropane
in the blood necessary for the different levels of anesthesia and
respiratory arrest i dogs in which electrocardiographic records
were made, 1t was observed in the dogs which received morphine
before cyelopropane that bradycardia was the rule and that
nodal rhythm and ventricular extrasystoles were routinely present
during stage I11;-,, whereas in those receiving barbital or amytal
the rhythm remamed normal for as long as 20 to 40 minutes
after respiratory arrest produced by cyclopropane. These obser-
vations led us to investigate the effect of cyclopropane and ether
upon the heart after premedication with morphone.
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il
Fra 22, All lead II
A. After eleven minute

s of eyclopropane anesthesia with assisted respiration

and 00, absorption N

B. Spontaneous depressed respiration for the previous five minutes, with
CO: absorption

C Absorber turned off and assisted respiration resumed twenty minutes
previously,

D Absorber inserted seven minutes previonsly. (Johnstone: Brit. Heart J , 12,
241, 1950)

MECHAN

ISM OF ACTION OF ETHER AND CYCLOPROPANE IN
ALTERING THE EFFECT OF MORPHINE ON THE PULSE

In a further study by Robbins, Fitzhugh, and Baxter (280) an
attempt was made to determine the role of various components
of t!\E_ autonomic system in regulating the heart rate in dogs
Teceving morphine premedication and anesthetized with cyelo-
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A Before induction of anesthesia

B. After twelve minutes of cyclopropane anesthesia, with CO: accumulation
Hyperventilating

C Absorber inserted five minutes previously. (Johnstone® Brit. Heart J., 12,
242, 1950)

propane and ether. The thoracic sympathetic chains (ganglin
1 to 5) were removed under aseptic technic, and two to three
weeks later the adrenals were excised and vagi cut. A description
of the procedure is given below.

Sympathetic Denervation of the Heart

The normal dog was placed on a dog board and control electro-
cardiograms and pulse-rate determinations were made. Bilateral
thoracic sympathectomy was done under anesthesia and with
aseptic technic. Anesthesia was induced by rebreathing in a bag
containing cyclopropane m oxygen. After anesthesia was suffi-
ciently deep to permut, a tracheal catheter with an inflatable
cuff was inserted and then connected to a soda lime eannister
and 6-liter bag containing cyclopropane in oxygen. The bag was
emptied and refilled two or three times early in the procedure in
order to remove inert gas. A second electrocardiogram was made
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before the operation was started, The left side of the thoracic
cavity was entered by an incision through the third intercostal
space, beginning about two inches from the midsternal line and
extending laterally for three inches; very fow vessels were eut
that required ligatures to stop the bleeding. After the thoracie
cavity was entered, respiratory effort by the dog was abolished
by over-ventilation, and this state was maintained throughout
the operation, thus making it possible to sclect the time for arti-
ficial respiratory action when it would not interfere with the
operative procedure. The fung was retracted to the midiine and
the thoracic sympathetic chain located and followed to the stellate
ganglion, which was first dissected and cut from its anterior
branches. The stellate ganglion was picked up with long forceps
and held during the dissection of the theracic trunk and ganglia
down through the fifth or sixth ganglion, Usually the chain was
taken out in one piece. Bleeding at the site of removal of the
thoracic chain was so small as a rule that no special effort was
necessary to stop it. The incision through the chest wall was
closed in three Iayers; silk sutures were used. The right side of
the thoracic cavity was entered immediately following the closure
of the left, and the sympathetic ganglia and trunk removed.
Clasure was the same as for the left side except that immediately
before the last suture in the pleural layer was tied, the lungs were
inflated to their maximum and held in that state until the second
layer of sutures was started; this procedure insures removal of
air from both sides of the thoracie cavity in dog because of the
functionally incomplete mediastinal septum. Sterile gauze dress-
g and adhesive were placed over the incision. A third electro-
cardiogram was made before the anesthetic was stopped.

Six out of eight dogs that survived the immediate operation
recovered completely, although a fistula developed in one dog on
the seventh postoperative day and closed on the tenth. The dogs
were permitted to recover for fourteen to twenty-four days before
further studies were made upon them.

The cardiosympathectomized dog was placed on the dog board
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and a control electrocardiogram made from lead II, after which
morphine sulfate (8 mgm. per kilogram) was given subcutane-
ously; thirty minutes later a second electrocardiogram was made.
Surgical anesthesia was induced with cyclopropane in oxygen,
and further electrocardiographic and pulse rate records were
made. The anesthetic was discontinued and the dog permitted
to return to the preanesthetic state, at which time electrocardio-
graphic and pulse rate records were taken. Ether was then ad-
ministered until surgical anesthesia was produced, when another
electrocardiographic record was made. While under ether anes-
thesia, the abdomen was opened and the adrenal glands were
dissected free of their surrounding tissue and excised after the
vessels of the glands had been ligated. The abdomen was then
closed and the anesthetic discontinued. Periods of forty to sixty
minutes were allowed for the partial removal of ether, after
which heart rate and electrocardiographic records were made.

Now, with the sympathetic fibers to the heart cut and the
adrenals excised, cyclopropane and ether anesthesia were repeated
as above, While the dog was under ether anesthesia the second
time, the vagi were dissected and sectioned. The dogs were again
permitted to return to the preanesthetic state, and further rec-
ords were made. Cyclopropane and ether were again administered
to the dogs after all autonomic pathways to the heart had been
cut and the adrenals excised. The effects of administration of
epinephrine intravenously and of stimulation of the vagi with
weak tetanizing current upon the heart rate were determined.
A second dose of morphine was given to each of four dogs after
the autonomic fibers had been cut.

At the end of each experiment the dog was killed and the
thoracic cavity opened to examine the lungs, as well as to see
exactly how many ganglia had been removed. In all cases, at
Jeast the first five thoracic ganglia were removed. There was no
fluid in the chest, and the lungs were in good condition.

The results of these experiments are shown in table 26; a com-
plete protocol of one experiment is given in table 27.



TABLE 26°
Effect of ether and cyclopropane anesthesia upon the heart rale in dogs afler seclion

of the pathetic and par pathetic nerves to the heart
least Rate
Experiment ic | Sympathetie
ot R || Bt | SR
to heart out | 4 drenals out | 24 TAN Y
Awake 24 120 20
25 160 130
2 140 140
2 125 115
30 65 88
3t 90 (116)} 100 (110}
Morphine, 8 mgm, per 21 58
kgm 25 65 87 155
27 100 128 126
28 84 66 w0
30 7 120 131
31 62 (73) | 98 aooylies (131)
Anesthetized with cyclo- 24 62
propane 25 39 55 155
27 B4 18 120
28 66 58 74
30 66 104 130
31 58 (63) | 90 (85) |160 (127)
Anesthetized with ether 24 100
25 125 130 160
27 124 150 135
28 128 82 78
30 108 124 138
31 92 (113)] 135 (124)}168 (136)
Epinephrine, 0 06-0 01 25 160 — 250
mgm g 135 — 230
28 72 — 165
31 168 — 248
Vagus stimulated 25 160 — 15-60
27 135 — 95
31 168 — 98
Morphine, 6 mgm per 25 160 — 155
kgm 27 130 — 126
28 78 = 72
31 162 — 162
rer T ——— 7
Robbins, Fitzhugh, and Baxter-J Pha 1 E
1939 (250). tmacol and Exper. Therap, 66, 206,

Qe



Tanve 27*
Ezperiment 25. Dog, 8 6 kgm , &. Thoracic sympathectomy, June 11, 1938,
Ezperimental study, July 1, 1938 (8 4 kgm.)

Time Procedure Rate Rhythm
8:30 Control 160 Sinus arrhy thmia
9:00 Cyclopropane, 1113 120 Regular
9.00-10:30 | Sympathectomy

10.35 111, 120 Regular
6/11-7/1 Recovery
8.55 Control 130 Sinus arrhythmia
8.56 Morphine, 8 mgm. per hgm.
9:34 60 | Sinus arrhythmia marked
9:35 Cycloprepane on
9:45 I, 39 A-V dissociation
9:46 Cyclopropane off
9:55 1 56 Sinus arrythmia marked
9:56 Ether on
10:00 111, 120 Sinus arrhythmia
10:20 Adrenals out
10.21 Anesthetic off
‘ I 80 Sinus arrhythmia
Cyclopropane on
I, 55 Regular
Cyelopropane off
1 02 Sinus arrhythmia
Ether on
III, 130 TRegular
Vagi cut
160
Ether off
1 160
1:05 Morphine, 8 mgm per hgm.
135 1 155
1-47 Cyclopropane on
205 111, 155
2.06 Cyclopropane off
2.25 1 155 Regular
2.26 Ether on
2.33 111, 160 Regular
2:40 Vagal stimulation 15-60 | A-V block
2:45 Epinephrme, 0 1 mgm 250
2.50

Killed and autopsied
Lungs clear
Shight adhesions
No flud
Sympathetic chain out in
each stde from 1-6
gangha

« Robbuns, Fitzhugh, and Baxter. J. Pharmacol and Exper. Therap., 66, 206,

1939 (280)
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The removal of the sympathetic innervation of the heart had
little or no effect upon the rate. Morphine reduced the rate from
110 to 75, and anesthetization with cyclopropane further de-
creased the rate to 63, whereas anesthetization with cther in-
creased the rate to 113, After the removal of the adrenals which,
combined with surgical trauma, undoubtedly ecaused a fall in
blood pressure, which reflexly produced a reduction of vagal tone
through the carotid sinus mechanism, the heart rate remained at
100 after partial recovery from the ether. Subsequent anesthesia
with eyclopropane caused a slowing of the pulse from 100 to 85,
whereas ether anesthesia increased the rate to 124,

After vapal section, the heart rate increased to 131 in the
awakened animal. Subsequent anesthesia with cyclopropane
caused a reduction of heart rate of only 4 per minute, and ether
anesthesia caused an increase of 5 per minute. The injection of
epinephrine and vagal stimulation produced the expected rise
and fall of the heart rate, respectively.

These results indicate that in the dog medicated with morphine
the changes in the heart rate and rhythm brought about by cyclo-
propane anesthesia and by ether anesthesia are due to the action
of these agents upon and through the vagal system (parasym-
pathetic), and that the possible action of these agents upon the
sympathetic system in relation to the heart rate is relatively
small.

Trom the experiments discussed above, it seems that although
cyclopropane produces an increase in heart rate in the normal

dog, it decreases the heart rate in dogs after medieation with
morphine.

EFFECT OF PREMEDICATION UPON THE ELECTROCARDIOGRAPHIC
AND BLOOD GAS CHANGES

With this evidence, then, that premedication with morphine
before cyclopropane gave rise in the dog to the most frequent
types of eardiac change in man (bradycardia, auriculoventricular
block, nodal rhythm, and ventricular extrasystoles), we made
further studies on the effect of premedication with morphine,



TabLE 27*
Ezperument 25. Dog, 86 kgm., & Thoracic sympathectomy, June 11, 1938
Ezperimental study, July 1, 1938 (8.4 kgm.)

Time Procedure Rate Rhythm
8:30 Control 160 Sinus arrhythmia
9:00 Cyclopropane, 111, 120 Ttegular
9:00-10:30 | Sympathectomy
10-35 I11, 120 Regular
6/11-7/1 Recovery
8:55 Control 130 Sinus arrhythmiz
8:56 Morphine, 8 mgm. per kgm.

9:34 60 Sinus arrhythmis marked
9:35 Cyclopropane on
9:45 IiL, 39 A-V dissociation
9:46 Cyclopropane ofl
9:55 I 56 Sinus arrythmia marked
9:56 Ether on
10:00 111, 120 Sinus arrhythmia
10.20 Adrenals out
10:21 Anesthetic off
11:00 I 80 Sinus arrhy thmia
11:02 Cyclopropane on
1:10 111, 55 Regular
111 Cyclopropane off
11:30 1 092 Sinus arrhythmia
11:32 Ether on
11-50 I, 130 Regular
11:52 Vagi cut
11.55 160
11.56 Ether off
1:00 I 160
105 Morphine, 8 mgm per kgm.
1.35 1 155
1:47 Cyclopropane on
2.05 111, 155
2:06 Cyclopropane off
2:25 1 155 Tegular
2:26 Ether on
2:33 III, 160 Regular
240 Vagal stimulation 15-60 | A-V block
245 Epinephrine, 0 1 mgm. 250
2:50 Killed and autopsied:

Lungs clear

Shight adhesions

No flud

Sympathetic chain out in
each side from 1-6
ganglia

» Tiobbins, Fitzhugh, and Baxter. J Pharmacol and Exper. Therap., 66, 206,

1939 (280)
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cyclopropane was started and further samples taken and records
made in steges laa, 1., and at respiratory arrest. In the
dogs premedicated with barbital or amytal, blood samples and
electrocardiographic records were made every five minutes alter
respiratory arrest until cardiac irregularities developed or until
the heart stopped. Protocols of experiments in caeh group—
morphine, barbital, and amytal~are shown in tables 28 to 31
with selected electroeardiographic records from each in figures
24 to 27.

A summary showing the blood gases nnd eleetrocardiographic
studies on thirty-seven dogs is presented in table 32.

DISCUSSION
In the dogs receiving morphine, the heart rate fell from a con-
trol of 134 to 73; only one dog showed abnormal rhythm before

TanpLe 29
Premedication on EK.G. and gas changes. See olso figure 95
Experiment 14

Artenial . "
Fume Stage® e BRG] PR T Mavel  Rhytim
cb,} o lcm.
LA weconds
9 10 Contral 1 80 1 09-.120 + { Smusarchyth
mia
9 20| Barhital, 150
mgm  per
kegm |
945 2 {188 68 3 4 | Megular
10 20 I11: " siw 11820 3§28 a8 ~ | Regular
i0 59 l\: 158 0123 68 4 185 07 4+ | Regular
et v G 8121 6 &} 20 ~ 1 Regular
1y W 03 5116 7 7 190 08 -~ | Regular
11y 2 0’ 8 45’ 9 e 03 -~ 1 Regular
oz T4 31 2 35{.’6 §f 10 |3200 00 17 + Blowng to ar-
\ Test

* Stage W, = Absence of wnk reflex and

museular relaxation; " =
Respiratory arrest ation; stage IV
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harbital, and amytal upon the ecleetrocardiographic changes,
oxygen, and carbon dioxide, These studies were essentially similar
to those reported in tables 15 and 16. After the control samples
of blood were taken and electrocardiographic records were made,
the premedication was given, morphine subcutaneously or bar-
bital and amytal intravenously; thirty minutes after the morphine
and fen to twenty minutes after the harbital or amytal was given,
sccond samples were taken for analysis and records made. The

Tavre 28*
The effect of morphine premedication upon blood gas and electrocardiographic
changes during cyclepropane anesthesia See also figure 24

Experiment 19. Dog, 97 hilograms, male

Arternal )
€Oz | Or | Gille
cpe:'t t’;;'l i
110 | Control M1 0[15 7 1 | 140 .1 4+ | Slight sipus ar-
rhythmia
1°15 | Morphine
1.45 2 6/16 0] 2 0 .1 +4 | Marked sinus ar-
rhythmia
1.50 | C;Hqon
152 4 | 521 .12 | + |Sinus arrhyth-
mia; nodal ex-
trasystoles
1:58 | 1L, 5 48 1 Nodal and ven-
tricular extra-
systoles
2:05 | IIl: 45 2017.5017 6) O 48 1 + [ Ventricular ex-
1‘ trasystoles
2:15 | ITsoe | 7 50 [.10- 12| + | Ventricular ex-
‘ ! trasystoles
2:25 | 1Ll 46 816 1} 23 4] 8 46 12 + Ventricular  ex-
trasystoles
2150 | IV 57 2[16 2! 270/ 12 62 12 -+ | Slight sinus ar-
rhythmia
2:51 | Cillg off ]
TRecovery

!

PR SN S S U S
# Robbins, Baxter, and Fitzhugh Ann Surg , 110, 81, 1930 (279).
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TapLe 31*
The effcct of amytal premedication xpon Ylood gas and eleclrocardiographic changes
during cyclopropane ancsthesia. See also figure 27
Eaperiment 13. Dog, 11 6 kilograms, female

Arterial
S 1 R ‘.
Tune Stage F ] e [toteneal|T Wavel  Rhythm
CO:t| O: | GiHs
det b | mem. seconds
8°55 1 )10} 10 — §8inus are
rhythmia
9.00 Amytal, 30
mgm  per
kgm,
920 |I 2 | 140§ .08 | — ! Regular
9.25 | CiHs on
10:00 111y 145.2)18.0 | 10.4] 3 175} 07 — | Regular
1100 v 55.4/20.8 | 31.0f 5 220 07 — | Regular
o3 |1 63.518.95 6 | 250 | .07 — | Regular
11:10 v 66 5\15 7 8 210 [ .08 — | Regular
11-15 v 67.8 8.4 10 175 | .08 = | Regular
n17s 60.5] 3.58) 34.6| 12 | 400 | .10 — | Slowing to
arrest

* Robbins, Baxter, and F]tzhugh. Ann, Burg , 110, 84, 1939 (279).

amytal is of the same order of magnitude as the concentration in
the control dogs, so that the difference in the cardiac picture can-
not be ascrihed to a difference in the cyclopropane content.
There are three significant differences between the control
group and the barbiturate-premedicated groups. First, cardiac
irregulanties or arrest developed in the control dogs on an average
of six minutes after respiratory arrest, whereas in the barbital and
amytal treated groups the eardiac arrest occurred about twenty
minutes after respiratory arrest. Second, cardiac irregularities
were recorded in seventeen of the nineteen control dogs (sixteen,
nodal rhythm; five, auriculoventricular block; six, ventricular
extrasystole), whereas in the fourteen dogs receiving barbiturates,
irregularities were observed and recorded in only two dogs. This
is particularly significant when one considers that in the group of



90 CYCLOPROPANE ANESTHESIA

TanLe 30
The effect of amytal premedication upon blood gas and clectrocardiographic changes
during eyclopropance ancsthesin. Sec also figure 26
Fxperiment 9

Arteral .
Time Stage® ERG | Meart | DR ([T Wave|  Rhythm
COs} O: | Cills
ber | ber | mem seconds
9:00 Control, 1 140 .10 — | Regular
Amj tal, 30|
mgm  per
kem,
9.20 |1 2 {10 .0 | — | Regular
9.45 1L, 43.5|17 0] 11.1] 3 170 .10 — | Regular
10:40 v 55 4i21.0{ 25 4] 5 210 00 - Regular
10:45 | IV 61 0[20 8 7 | 220 .09 [ = | Regular
10:50 v 64.0/18 2 9 215 09 — | Regular
10:55 v 67 5/13 O] 11 195 .10 — | Regular
nmo |1 6 5 16 | 165 | .11 | — | Regular
11.05 v 3 § 21 150 1 ~ | Regular
11:10 v 28 20.6] 26 133 11 - Regular
10:10 5| Heart 27 1600 | 13-.16] 4 | Rapid slow-
stopped mg to ar-
rest

* Stage Il = Absence of wink reflex and muscular relaxation; stage IV =
Respiratory arrest

cyclopropane. Anesthesia produced with eyclopropane redueed
the rate to 54 per minute, and all dogs showed either nodal or
ventricular extrasystoles, even though the arterial oxygen was
17.4 volumes per cent These results are markedly different from
those obtained from dogs receiving cyclopropane alone and from
dogs recerving barbiturates before the cyelopropane.

The records from the dogs recewving barbiturates show some
things in common with the records of the non-premedicated con-
trol dogs. The arterial oxygen concentrations at which arrhyth-
mias or arrest occurred are approximately the same 1n each group.
The concentration of cyclopropane in the blood of the dogs re-
ceiving the smaller doses of barbital and in all those receiving



TR T i
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o

Fra 2t Llectrocardiographie records from experiment 19, morphine, 5 mpgm
per hgm , ®as given as a preancsthetic drug

Consult table 28 for data which correlate the stage of anesthesia, arteral
concentration of oxvgen, earbon droxade, and ¢y clopropane with the first three
records 1n ths figure

The yrregulanties of the heart 1 dogs under morphine-cyclopropane anes-
thesia are due to eveessive vagal tase In records 16 and 18 the respiratory aetivity
8 correlated wath the heart record The physiologie depression of the vagus
center dunng mspieation permits the heart to Leat normally, as shown in record
16 Two munutes after record 16 was made, the dog was given 10 mgm per kgm
of amytal itravenously, three minutes later record 18 was made. This shows
that 2t tal abiohinhies the exeessive vagal tone. (Robinns, Baxter, and Fitzhugh,
\nn Surg, 110, 84, 1939}
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Fia. 26. Llectrocardiographic records fre
given as a preanesthetic drug See table 30 f

95

om experiment 9 Amytal-Na was
or further data on this experiment.



Fie 25 Electrocardiographie records from expenment 14. Barbital-Na was
glven as o preanesthetic drug See table 29 for data which correlate the stage of
anesthesia, arterial concentration of oxygen, earbon diovide snd eyclopropane
with these records

94
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dogs receiving amytal, in which the eyclopropane conct.mtratlop
was equal to that in the controls, the final clectrocardlogmghlc
records show normal complexes even up to cardiac arrest. Third,
the arterial content of oxygen is increased at the time of respira-
tory arrest in the premedicated dogs. In the control group, the
oxygen content in surgical anesthesia was 18.95 volumes per ce{lt
and at respiratory arrest was 15.40 volumes per cent, whereas in
the amytal group the values were 17.8 and 20.4 volumes per cent,
respectively, and in the barbitsl group the concentration at re-
spiratory arrest was 20.5 volumes per cent. In three dogs receiving
barbiturate-premedication the oxygen capacity of the arterial
blood in surgical anesthesia and at respiratory arrest was found
to be 17.8 volumes per cent and 19.9 volumes per cent, respec-
tively.

Dogs anesthetized with cyclopropane to the stage of respiratory
arrest are easily revived by discontinuing the anesthetic and giving
artificial respiration for a few seconds. In a group of dogs which
received barbiturate premedication and were forced to respiratory

arrest with cyclopropane, several were revived five to thirty-five
minutes after respiratory arrest.

STUDIES ON THE PREVENTION OF CARDIAC ARRHYTHMIAS PRODUCED
BY EPINEPHRINE DURING CYCLOPROPANE ANESTHESIA

Several studies have been made in the laboratory to determine
the effect of drugs in preventing or abolishing the eardiac arrhyth-
mias observed under cyclopropane anesthesia and particularly
those arrhythmias that are produced by the administration of
cpinephrine during cyclopropane anesthesia. As noted above, we
(279) have reported studies upon the effect of barbiturate pre-
medication in the prevention of the cardiac arrhythmias that are
ordinarily cbserved at the time of or soon after respiratory arrest
in the dog. These studies have been reinvestigated by Orth and
his associates, and these authors have published papers showing
the failure of various barbiturates to prevent the cyclopropane-
epinephrine arrhythmias in dogs, and failure also to prevent the
spontancous arrhythmias that occur in dogs that are given arti-



Fio 27 Eleetrocardiographic records from experiment 13, Amjtal-Na was
given ns a preanesthetic drug See table 31 for further data on this expeniment
(Robbins, Baxter, and Fitzhugh Ann Surg, 110, 84, 1939)
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ether anesthesia for fifteen minutes and then changed to cyclo-
propane, 22 volumes per eent, for a period of thirty minutes. At
the end of this time epinephrine was administered intravenously,
and in sixteen of the twenty-one dogs there was protection against
the tachycardia and only five had any arrhythmias and these were
for an average period of forty-five seconds. There were no data in
this paper as to concentration of ether in the blood at the time the
epinephrine was given during the inhalation of the twenty-two
per cent mixture of cyclopropane, but on previous studies in many
places it has been shown that the excretion of ether is relatively
slow and that approximately half of the blood concentration per-
sists for at least thirty to sixty minutes following the cessation of
this administration.

More recently Greisheimer and her associates (121) have pub-
lished a study on the effect of ether on the cyclopropane-epineph-
rine arrhythimas. In dogs where the blood concentration of ether
was 58 mgm. per 100 cc., approximately one-half of the full surgi-
cal anesthetic dose, and 11 mgm. of cyclopropane per 100 cc.,
again a little over one-half of the full anesthetic dose, thirteen of
eighteen animals were protected against the epinephrine arrhyth-
mias when they were on the combined anesthetic mixture of ether
and cyclopropane. They made simultaneous determinations of
carbon dioxide and oxygen, and these agents were found to be in
normal concentration.

Another study upon the effect of sympathomimetic amines on
cardiac arrhythmias during cyclopropane anesthesia and during
ether anesthesia in dogs has been published by Deterling and his
associates (84). In fourteen experiments, the intravenous adminis-
tration of .3 to .9 micrograms of norepinephrine per kilo in dogs
under cyclopropane anesthesia produced premature ventricular
contractions 1n twelve animals and ventricular tachycardia in two,
whereas in twenty-three experiments under ether anesthesia this
dl"l.lg pm(.luced no eardiac arrhythmias. In twelve experiments with
epincphrine .3 to .9 micrograms per kilo, in dogs under cyclopro-
pane anesthesia, premature ventricular contractions were observed
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ficial respiration with a mixture of cyclopropane that may vary
from one to two times that necessary to produce respiratory ar-
rest.

Barbiturates. In the paper by Lee and his associates (181), the
dogs were given 10 mgm. of amytal sodium per kilo and then
administered cyelopropane in concentrations of sixty per cent. In
an experiment of this design, there was no protection of the dog
heart by the administration of the amytal. Orth and his associates
(247), in using thiopental sodium, seconal, pentobarbital sodium,
amytal sodium, sodium barbital and delvinal in animals, have
failed to observe any protection against cardiac arrhythmias when
these animals were given the standard dose of epinephrine during
surgical anesthesia produced by eyclopropane. Neither of these
sets of studies produces evidence that barbiturate premedication
in the human subject or in the dog would not prevent the normal
spontaneously occurring arrhythmias that one frequently sees in
deep surgical anesthesia and at the time of respiratory arrest.

Ether. Early observations by Meek and his associates (210), in
1937, showed that under cyclopropane anesthesia cardiac arrhyth-
mias were frequently and almost routinely observed after the in-
jection of epinephrine, and that also they were frequently observed
when epmephrine was injected during chloroform anesthesia.
They noted that when the standard dose of epinephrine was in-
jected under either light or deep ether anesthesia, cardiac arrhyth-
mias of the ventricular type were totally absent. They were the
first to show that the cardiac arrhythmias with epineprhine and
cyclopropane could be prevented by the simultaneous adminis-
tration of diethyl ether. Milowsky and Rovenstine (213) used
ether to abolish arrhythmas.

In 1942, Stutzman and s associates (317) made an extensive
study on the prevention of cyclopropane-epinephrine tachycardia
by diethyl ether In twenty-one dogs under cyclopropane anes-
thesia, the administration of epinephrine produced ventricular
tachycardia of an average of forty-two seconds’ duration in all
of the twenty-one dogs. Twenty-one dogs were placed under deep
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In a subsequent study by Stutzman and his associates (318) on
twenty-seven dogs in which fibrillation had been produced during
eyclopropanc anesthesia by the injection of epinephrine, they were
unable to restore any dog to normal cardiac function as a result of
the injection of 16 mgm. per kilo of procaine within thirty sseconds
after the fibrillation developed. They felt from their studies that
procaine had no beneficial effect whatsoever upon the altered
cardiac mechanism as a result of cyelopropane and epinephrine
simultaneously.

Smith and Ferguson (302} in 1949 reported the results of their
studies on the use of procaine hydrochloride upon the cardiac
arrhythmias 1esulting from the intravenous administration of
epinephrine in dogs during cyclopropanc anesthesia. Like Stutz-
man and his associates, Smith and Ferguson obtained no protec-
tive effect with the use of procaine. They did, however, feel that
procaine might correct arrhythmias which were due to excessive
vagal stimulation.

Procaine amide. Morris and his associate (220) studied the ef-
fect of procaine amide on the cardiac irregularities during anes-
thesia in twenty-five experiments on thirteen dogs. They used
doses of 10 to 60 mgm. per kilo of procaine amide, and in eight of
these thirteen dogs that had had the most carcful study before
the anesthesia, it was found that after they had had the proeaine
amide and their standard dose of epinephrine injected intraven-
ously, ventricular tachycardia was observed in seven and ventricu-
lar fibrillation was noted in two, so they feel that there is no pro-
tection whatsoever with procaine amide against the cardiac ar-
rhythmias produced in dogs.

Regitine. Morris and his associates (222) have reported on the
1abnfatory and clinical observation on the effect of regitine on
?ardlac irregularities during cyclopropane anesthesia. They found
n dogs with ventricular tachycardia that. there was a reversion to
Sll‘loﬂuricular tachycardia in four out of five. When this drug was
tried in man, however, there was no alteration in the arrhythmias
obsef'\'e(!, so it is felt that regitine is of no benefit in treating the

cardiac irregularities 1 man during cvelooronane anesthesia
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in three, ventricular tachycardia in one, and no arrhythmias in
seven. In the dogs under ether anesthesia epinephrine produced
no cardiac arrhythmias. With phenylephrine .3 to .6 micrograms
in three animals under cyclopropane, no arrhythmias were ob-
served nor were any observed in animals under ether. They con-
clude that with cther anesthesia these three sympathomimetic
amines do not give rise to any cardiac arrhythmias, whereas with
eyclopropane anesthesia only phenylephrine did not produce
arrhythmias.

In o general discussion on the effect of drugs in the prevention
of cardiac irregularities during anesthesia, Orth (242) states that
three conditions are necessary for the production of these irregu-
larities* (1) cyclopropane must reach the heart directly, (2) the
brain centers above the pons must be intact, and (3) sympathetic
fibers to the heart must be intaet.

Bennett, Dhuner, and Orth (20) found in the dog and the mon-
key at least that dihydroergocornine in doses of .2 mgm. per kilo
was the best agent to give protection against the cyclopropane-
epinephrine cardiac irregularities. As a result of their studies on
the dog and on monkeys, they tried this drug in the protection of
cardiac irregularities in twenty-three patients and found that it
had no value,

Procaine. The effect of procaine and similar chemical sub-
stances upon the frequency or the prevention of cardiac arrhyth-
mias in the experimental ammal under cyclopropane and the pre-
vention of arrhythmias in the human subject in clinical anesthesia
has been mvestigated by several groups (9).

Burstein and his associates (54, 55) have reported upon the
protective action of procaine against ventricular fibrillation in-
duced by epinephrine during cyclopropane anesthesia. In addition
to procaine they studied the effects of para-aminobenzoic acid
itself and sodium para-amio benzoate. The drug was given before
the epinephrine, and in three animals they gave procaine during
the period of what was interpreted to be, by the electrocardiogram,
ventricular fibrillation in dogs In two of these three dogs the nor-
mal rhythm eventually ensued.
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In a subsequent study by Stutzman and his associates (318) on
twenty-seven dogs in which fibrillation had been produced during
cyclopropane anesthesia by the injection of epinephrine, they were
unable to restore any dog to normal eardine function as a result of
the injection of 16 mgm, per kilo of procaine within thirty sseconds
after the fibrillation developed. They felt from their studies that
procaine had no beneficial effect whatcoever upon the altered
cardiac mechanism as a result of cyclopropane and epinephrine
simultancously.

Smith and Ferguson (302) in 1949 reported the results of their
studies on the use of procaine hydrochloride upon the cardiac
arrthythmias resulting from the intravenous administration of
epinephrine in dogs during cyclopropane anesthesia. Like Stutz-
man and his associates, Smith and Ferguson obtained no protec-
tive effect with the use of procaine. They did, however, feel that
Procaine might correct arthythmias which were due to excessive
vagal stimulation.

Procaine amide. Morris and his associate (220) studied the ef-
fecet of procaine amide on the cardiac irregularities during anes-
thesia in twenty-five experiments on thirteen dogs. They used
doses of 10 to 60 mgm, per kilo of procaine amide, and in eight of
these thirteen dogs that had had the most careful study before
the. anesthesia, it was found that after they had had the procaine
amide and their standard dose of epinephrine injected intraven-
ously, ventricular tachycardia was observed in seven and ventricu-
lar fibrillation was noted 1n two, so they feel that there is no pro-
tection whatsoever with procaine amide against the cardiac ar-
thythmias produced in dogs.

Regitine. Morris and his associates (222) have reported on the
laboratory and clinical observation on the effect of regitine on
¢ardiac irregularities during cyclopropane anesthesia. They found
In dogs with ventricular tachycardia that there was a reversion to
““_‘Oﬂ.uricular tachycardia in four out of five. When this drug was
;;;zgrif\&nan,-l19\s'e\'er, there was no alteration in tl}e arrhy‘thmias

Cardia: il,Tseo it is tielt that regltm‘e 15 of no benefit in treatlfxg the
gularities 1n man during. cyclopropane_anesthesia.
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Quinidine. Huggins and his associates (153) have reported on
the study on the effect of quinidine on arrhythmias induced by
cyclopropane and epinephrine. By the administration of 1 to 5
mgm. of quinidine per kilo, they observed protection against
cardiac irregularities resulting from the injection of epinephrine
for a period of twenty-four to twenty-five minutes. A dose of 20
mgm. per kilo pratected against the arrhythmias for one to three
hours,

Dibenamine. Nickerson and his associates have reported in
several papers their studies upon the effect of dibenamine in the
prevention of cardiac arrhythmias produced in the experimental
animal during cyclopropane anesthesia by the intravenous injec-
tion of epinephrine and also the use of this agent against the spon-
taneous arrhythmias that occur during cyclopropane anesthesia
in the human subject. In 1946, Nickerson, Smith, and Goodman
(235) made their first report on the use of this drug in the pre-
vention of cardiac arrhythmias in dogs. In a series of fourteen
control dogs in which the fixed dose of epinephrine was injected
during cyclopropane anesthesia, eight died as a result of ven-
tricular fibrillation. The duration of irregularities was one hundred
thirty-seven seconds, and the duration of ventricular tachycardia
was ninety-seven seconds. In the dogs that were given dibena-
mine before the epinephrine was given, there were no deaths as a
result of ventricular fibnllation, there was no incidence of ven-
tricular tachycardia, and the average duration of cardiac arrhyth-
mias was only four seconds (232). However, the dogs that were
treated with dibenramine did show marked sinus tachycardia. In a
later study, Nickerson and Smith (234) observed the effects of
procaine, meperidine, and dibenamine on the cardiac irregulari-
ties produced by eyclopropane and epinephrine. They observed
some protection against ventricular extrasystoles and ventricular
tachycardias with procaine but no protective effect against ven-
tricular fibrillation. With mepenidine there was a reduction in the
duration of ventricular tachycardia. With dibenamine 20 mgm. per
kilo intravenously, thirty minutes bLefore the epinephrine, pro-
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tection against ventricular tachycardia was 100 per cent, and in
only five of twenty-eight dogs were ventricular extrasystoles ob-
served following the administration of the epinephrine. They be-
lieve that dibenamine would be a satisfactory agent to use to pre-
vent the cardiac arrhythmias in patients.

Nickerson and Nomaguchi (233) in their experimental study on
the mechanism of the action of dibenamine conclude two points.
First, that there is a direct depression of the cardiac muscle with a
large dose of dibenamine. Second, that dibenamine prevents the
rise in blood pressure as a result of the epinephrine injection and
this in turn protects against the cardiac arrhythmias that are
ordinarily observed.

Moe and his associates (214) have reported upon the mechanism
by which dibenamine might produce the protection against the
cardiac arrhythmias. They feel that a major factor in the produc-
tion of arrhythmias is the hypertension that ensues immediately
following the administration of epinephrine. They observed in the
preliminary studies that 20 mgm. per kilo of dibenamine prevented
the arrhythmias that followed the injection of epinephrine during
cyclopropane anesthesia and attributed it to the fact that it pre-
vented the increase in blood pressure as a result of epinephrine.
They found in this study that if the aorta was clamped so that
the blood pressure was increased from 50 to 100 mm. of mercury,
then epinephrine will cause the arrhythmia. They felt that the
direct accelerator action of epinephrine and the increased blood
pressure resulting from epinephrine were necessary to set off the
system giving rise to ventricular arrhythmias,

In 1948, Moe and his associates (215) published a paper on the
role of arterial pressure in the induction of idioventricular rhythms
under anesthesia. They conclude from their study that dibenamine
reverses the pressor action of epinephrine in dogs and protects
them against the induction of idioventricular rhythms under
cy.clnpropnne. Also the idioventricular thythms, but not ven-
tricular fibrillation, can still be induced by epinephrine after di-
benamine if the arterial pressure is mechanically elevated. They
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also observed that there was a quantitative relationship between
the level of arterial pressure and the threshold dose of epinephrine
required to produce ventricular arrhythmias as shown in figure 28.

McMillan and his associates (207) used another technic in an
effort to study the effect of dibenamine upon the prevention of
the arrhythmias as the result of epinephrine under cyclopropane.
They placed their dogs on the constant concentration of sixteen
per cent cyclopropane with adequate respiratory exchange and
determined the amount of epinephrine that was necessary to pro-
duce arrhythmias when there was a constant flow over a period of
considerable time. In the control animals, the arrhythmias or
extrasystoles developed after .7 to 1.8 micrograms of epinephrine
per kilo had been injected. After the preliminary treatment with
dibenamine, 20 mgm. per kilo, it was necessary to inject at a con-
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stant rate somewhere hetween 89 and 300 micrograms of epineph-
rine per kilo. Thus the total dose needed after dibenamine to pro-
duce cardiae arrhythmias varied from 100 to 200 times that neces-
sary Lefore the dibenamine was administered.

Murphy and his associates (225), in a study on the effect of the
alteration in blood pressure upon the ventricular tachycardia
resulting from the injection of cpinephrine during cyclopropane
anesthesia, found that a rise in pressure was not an essential fac-
tor in the production of the tachyeardia, for in twelve experiments
when the blood pressure rise was held from 2 to 25 mm. of mercury
above the control, ventricular tachycardia was routine and of
about as long duration as when the blood pressure was permitted
to rise from 32 to 100 mm. of mercury, so they believe that there
is no relation between the blood pressure changes and the cardiac
arrhythmias.

Fawaz (97) used the heart-lung preparation of the dog in an
effort to determine the possible site of the action of dibenamine
in protecting the heart against arrhythmias upon the injection of
various sympathomimetic amines when cyclopropane was being
administered to the lung. Dibenamine did not protect against
the cyclopropane-epinephrine arrhythmias in this experimental
set‘{l’, 50 he believes the site of action of dibenamine in protecting
against it in the intact animals must lie in a region other than the
heart-lung system.

Thoracic sympathectomy and tetraethyl ammonium. Rennick
and s associates (265) have studied the effect of thoracic sympa-
ﬂl(?ctomy in dogs upon the induction of ventricular rhythm by
epinephrine and cyclopropane and also in dogs that have had their
Sympathetic pathways blocked by tetraethyl ammonium. They
?ﬁ:l’::: t:;]f:erl slyc'lm(?athecton}y or .after tetraethy:l ammonium
that giveni? 1:e . ose of]e;.nnep.hrme had to be 1nt{rea.sed and
pressut oo it (ziid()l efpmcpTllrmta did not prO(.Iuce the rise in blood

Yiso tl;e o ;?nutr]e. let) t;oulnd thflt if the bqud pressure
the C)’Clopr;;mne.e n the control, there Wwas no protection against
pinephrine arrhythmias. They feel that the
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possible beneficial effects that Stutzman and Pettinga (321) ob-
tained by evisceration were due in part to the fall in systemic
blood pressure as a result of the evisceration and that this fall in
blood pressure gave some protection against the standard dose of
epinephrine.

STUDIES ON THE PREVENTION OF CARDIAC ARRHYTHMIAS IN JAN

Procaine amide. In a study on patients by Morris and Haid
220), forty-three women undergoing gyvnecological procedures
were investigated for the beneficial effects of procaine amide.
Nineteen patients served as a control without the benefit of the
procaine amide, and in twenty-four procaine amide was given in
amounts of 1 gram before the anesthetic was started, and in some
of the twenty-four it was given intravenously during anesthesia,
but the dose when given by both routes never exceeded 2 grams.
They observed irregularities in 23 of the twenty-four eases, with
premature ventricular contraction in fourteen and ventricular
tachycardia in fourteen patients that received procaine amide.
Only one of the twenty-four treated patients remained free of
arrhythmias. The frequency of irregularities in patients receiving
procaine amide was similar to that of the control group. In two
patients in which ventricular fibrillation resulted on the table, the
intracardiac injection of .5 grams of procaine amide during the
cardiac arrest failed to restore any satisfactory cardiac function.
Thus Morris and Haid feel that there is no protective effect on the
cardiac irregularities produced by cyclopropane by the intra-
venous injection or oral treatment of the subject with procaine
amide.

Peters and his associates (251) have reported on the effect of
the intravenous administration of procaine amide upon the car-
diac arrhythmias observed during intubation under cyclopropane
or cyclopropane-ether anesthesia. Their technic was to administer
300 mgm. of procaine amide intravenously before the anesthetic
was started, and then they induced anesthesia with cvelopropane
in fifty-one patients. and a mixture of cyclopropane-ether in the
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forty-nine patients; when plane 2 or 3 of surgical anesthesia had
been reached, intubation was carried out. In those subjects that
had procaine amide as preanesthetic medication, seventeen per
cent showed cardine arrhythmias during the period of intubation,
whereas in those that were studied in another series, one hundred
and three patients, without procaine amide sixty per cent showed
cardiae arrhythmias during the period of intubation. They feel
that there was a protection against the cardiac arrhythmias as a
result of administration of this drug but that hypoxia, too light a
level of anesthesia, and repeated attempts at intubation caused
reflex arrhythmias during cyclopropane anesthesia.

Secobarbital. We (270) have studied a series of patients re-
cently in which intubation was carried out under cyclopropane
anesthesia after premedication with barbiturates and atropine,
or after premedication with morphine and atropine. The frequency
of arrhythmias before intubation was 16 per cent in the barbitu-
rate-atropine group and 25 per cent in the morphine-atropine
group. After intubation, 25 per cent of the barbiturate-atropine
group and 55 per cent of the morphine-atropine group showed
some type of cardiac arrhythmia. In a total of sixteen patients
that were given 1 mgm. of secobarbital per kilo intravenously,
normal rhythm returned within twenty to forty seconds after the
Injection was completed. Electrocardiographic records of two pa-
tients are shown in figure 29A and figure 20B. See Chapter 8 page
194 for a complete discussion of these studies.

Dibenamine. Nickerson and Brown (231) have made a careful
study upon the effect of dibenamine and the cardiac arrhythmias
In patients, with the continuous observation of electrocardio-
graphic changes for several minutes before the anesthesia was
started and during the complete period of anesthesia. They also
made studies upon the effect of the depth of anesthesia in relation
to the frequency and type of arrhythmias that were observed,
These observations are shown in table 33, Their studies included
results on seven patients without dibenamine premedication,
Seven patients that had received 5 to 6 mgm. per kilogram of di-
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possible beneficial effects that Stutzman and Pettinga (321) ob-
tained by cvisceration were due in part to the fall in systemic
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forty-nine patients; when plane 2 or 3 of surgical ancsthesia had
been reached, intubation was carried out. In those subjects that
had procaine amide as preanesthetic medication, seventeen per
cent showed cardine arrhythmias during the period of intubation,
whereas in those that were studied in another series, one hundred
and three patients, without procaine amide sixty per cent showed
cardiac arrhythmias during the period of intubation, They feel
that there was a protection against the cardiac arrhythmias as a
result of administration of this drug but that hypoxia, too light a
level of anesthesia, and repeated attempts at intubation caused
reflex arrhythmias during cyclopropane anesthesia.

Secobarbital. We (270) have studied a series of patients re-
cently in which intubation was carried out under cyclopropane
anesthesia after premedication with barbiturates and atropine,
or after premedication with morphine and atropine. The frequency
of arrhythmias before intubation was 16 per cent in the barbitu-
rate-atropine group and 25 per cent in the morphine-atropine
group. After intubation, 25 per cent of the barbiturate-atropine
group and 55 per cent of the morphine-atropine group showed
some type of cardiac arrhythmia. In a total of sixteen patients
that were given 1 mgm. of secobarbital per kilo intravenously,
normal rhythm returned within twenty to forty seconds after the
injection was completed. Electroeardiographic records of two pa-
tients are shown in figure 20A and figure 29B. See Chapter 8 page
194 for a complete discussion of these studies

Dibenamine. Nickerson and Brown (231) have made a careful
study upon the effect of dibenamine and the cardiac arrhythmias
in patients, with the continuous observation of electrocardio-
graphic changes for several minutes before the anesthesia was
started and during the complete period of anesthesia. They also
made studies upon the effect of the depth of anesthesia in relation
to the frequency and type of arrhythmias that were observed.
These observations are shown in table 33. Their studies included
:2::1:\% on seven patients f\'ltho-ut dibenamine p.remed\cation,
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Fic 29A ELlectrocarographe records from patient E., female, age 30,
weight 150 pounds. Operation removal of solitary tumor of thyroid Soluble
phenobarbital 0 13 gram at 10 00 A M.; atropine 0004 at 10:45 A M. Control
EKG at 11:40 A.M Cyclopropane-osygen at 11:41 A M. Endotracheal intubation
between 11:43 and 11 45 20" 11 50 to 11:54 abnormal ventricular compleres from
various foet At 11.53 30", seconal, 75 mgm. was given intravenously. Record
11:54 shows the transition from abnormal to normal rhythm which persisted
throughout the rest of the anesthesia
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Fic 29B Electrocardiographic records from patient P C., male, age 34,
weight 160 pounds Operation removal of solitary tumor of thyroid. Morphine
01 gram at 6:30 AL and atropine 0003 at 7 30 A M Control EKG at 8:45 A M
Cyelopropane-oxygen at 8 46 A M Endotracheal intubation between 8:50 A M.
and 8:50 20" A M. Single focus ventricular extrasystoles at 8:52 to 8:55 at which
time secopal, 75 mgm., was given ntravenously. At 8 56 the rhyth'm had re-
turned to normal and remained so throughout the rest of the anesthesia.
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Tante 33*
Cardiac arvhythmias cxhibited by patients in various planes and stages
of cyclopropune anesthesin

Treatment Depthof | Total Kias | Yotalor § Venurico \ugno \‘;‘nmr

me | Rhythm A){‘,‘,‘)f"f,‘,‘”' Torats 35 | Beats 35 ‘;W:l?d.x:
min | percent | percent | pereent | percent | per cent
Control (7 caven) L 12 96 4
i, 3t 82 18
1, 57 53 3 5 8
11, 62 50 2t 10 13 3
v 30 33 21 1 13 13
Dihenamine, 501 111 19 100
ta 6.0 mgm. poe § (W, PAY a6 2 2
Litogram 1 I, 57 85 4 i1
cases) uL 67 5 g 12 13 1
Dibenamine, 701 11, h3 100
to 75 mgm per{ Iy 29 95 1
Nilogram (6§ ML, | 46 a1 9
cgses) I, 36 L1 3 3
v 28 o 10

* After Nickerson ond Brown Anesthesiology, 12, 216, 1951 (231).
See figuve 30 for other analysis of these data.

bgnamine, and six patients that had received 7 to 7.5 mgm. per
%(1\0 (}f dibenamine intravenously. The dibenamine was given by
mﬁ}smn over a period averaging thirty-eight minutes. This in-
fusion was given anywhere from seventeen minutes to fourteen
h&')urs before the anesthetic was started. The duration of effect of
dlbgnamine extended from thirty minutes to eyghteen hours fol-
lowing a single intravenous administration. Figure 30 taken from
(!mu- paper is a summary of the invesfigation. By making a con-
tinuous recording of the cardiac pattern on the electrocardiograph,
they were able to determine very earefully the type of arrhythmias
and the duration of their prescnce, and they have classified the
eardiae patterns oheerved into four groups. One, nodal or auricular
thythm; two, ventricular beats amounting to less than a third of
the total number of beats, three, ventreular beats amounting to
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more than a third of the total number of beats including pulsus
bigeminus; and four, ventricular tachyecardia. These four cate-
gories were assigned arbitrary values of one, three, five, and ten,
respectively, as a measure of the relative severity of each arrhyth-
mia. The severity of the arrhythmias was then plotted against the
depth of anesthesia and these values are shown in figure 29. It is
observed that in the control non-medicated patient, the index of
arrhythmias is much higher than in the other two groups and that
when dibenamine has been given in 7 to 7.5 mgm. per kilogram,
the index of arrhythmias is less than .2. It can also be noted as the
depth of anesthesia is increased, the index of arrhythmias js in-
creased. In the three groups of patients observed, the pressure
changes were approximately the same throughout, that is the pa-
tients receiving dibenamine did not have a more marked fall in
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Fic 30 Relation of cardiac arrhythmias to depth of cyclopropane ancsthesia
in control patients and in patients premedicated with various do<es of diben-
amine. @ —@ Controls O-- -0 Treated preoperatively with 50 to 6 8 mgm.
per kilogram of dibenamine @ — — @ Treated preoperatively with 7.0 to 7.5 mgm
per kilogram of dibenamine See table 33 (Nickerson and Brown- Anesthesiology,
12, 216, 1951)
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Taeun 31*
Blood pressures during operation, averaged by groups

Maximum Minimum
Groups -
Spatalicl | potee pressore | SO | putoe pressure

Control (7 cases) 143/85 58 96/56 40
Dibenamine, 5.0 t0 6 0 mgm.|  143/70 73 116/62 54

per Kilogram (7 cases)
Dibenamine, 7 0 to 7.5 mgm 143/76 67 107/51 56

per kilogram (6 cases)

* After Nicl and Brown. Anesthesiology, 12, 216, 1951 (231).

blood pressure than did those not receiving dibenamine as re-
corded in table 84.

Nickerson and Brown (231) concluded that the effect of di-
benamine is not upon the alteration in the blood pressure but is
due to a direct action of the substance in producing a blockade of
adrenergic stimuli to the myaeardium itself.

CARDIAC OUTPUT STUDIES DURING CYCLOPROPANE ANESTHESIA

Dog. We (276) have determined the cardiac output under dif-
ferent levels of anesthesia produced by cyclopropane mn trained
dogs. The cyclopropane content of the blood at the different stages
of anesthesia and at respiratory arrest has been determined.
Electrocardiographic records were made during each determina-
tion of the cardiac output.

Methods Used

Calculation of the cardiac output. The Fick prineiple for cal-
culating the output was used.

Cardiae output

cc. of oxygen consumed per minute
artenal oxygen (per cent) — venous oxygen (per cent) X 100
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Blood gas analysis. The blood was collected in 10 ce. syringes
under 4 cc. of mineral oil in which dry powdered sodium oxalate
was suspended and in which four or five BB shot were placed to
facilitate mixing the sample at the time of analysis. The arterial
samples were taken from the right femoral artery and the venous
sample from the right ventricle by needle puncture. As soon as the
samples were collected, they were placed in an ice bhox until
analyzed. One cubic centimeter samples of blood were analyzed
in a Van Slyke-Neill apparatus according to the procedure given
by Peters and Van Slyke (253). Duplicate analyses were made as
a rule. Studies by Oreutt and Waters (240) have shown that the
presence of cyclopropane in the samples taken under anesthesia
does not alter the accuracy of the oxygen and carbon dioxide de-
terminations.

Cyclopropane in the blood and the gas mixture was determined
by the iodine pentoxide oxidation method.

Ozxygen consumption. Oxygen consumption was determined by
use of a Sanborn Graphie Metaholism Tester. The volume of oxy-
gen used was corrected for the temperature and pressure ob-
served.

Method of anesthesia. After the normal metabolic period had
been conpleted, the dog was made to rebreathe a cyclopropane-
oxygen mixture from a 6-liter bag until anesthetized, after which
a tracheal catheter with an inflatable cuff, Guedel-Waters (134),
was inserted, and then the catheter was connected to the Sanborn
Graphic apparatus wich had been filled with an oxygen mixture
containing 15 to 25 per cent cyclopropane. Oxygen was admitted
at the rate of consumption, and the cyclopropane concentration
cither increased or decreased until the dog was in the desired level
of anesthesia, in which he was kept for at least fifteen minutes.
The flow of oxygen mto the spirometer was then discontinued
and the output determination made. Because of the rapid rate of
elimination of cyclopropane after its administration is stopped, it
was neceseary to keep the ammal breathing a cyclopropane mix-
ture during the test period. In order to make the proper corrections



EFFECTS UIrON CIRCULATORY SYSTEM 113

for the cyclopropane absorbed or blown off by the dog during the
test period, the concentration of cyclopropane present in the spi-
rometer at the beginning and at the end of the period was deter-
mined. As a rule, the change in the concentration of cyclopropane
during the test period was no greater than the experimental error
of the method used, o that the only correction necessary was for
the amount of eyclopropane ahsorbed from the volume of oxygen
used. In a few instances, however, the change was greater than the
error of the method, and in these, corresponding additional cor-
rections were made.

Electrocardiographic records. Lead II was used in all experi-
ments and records were taken during the first and last minutes of
each test period. The pulse rate was noted at frequent intervals in
addition to the rates recorded on the electrocardiograms.

Animal Experiments

Large, quiet dogs were used. They were trained to lie on the dog
board for fifteen to thirty-minute periods each day for four to
seven days before they were used. They readily became accus-
tomed to the mask and to breathing in the spirometer. On the day
of the experiment, the dog was placed on the board and connec-
tions made for taking the electrocardiograms. The right femoral
artery was exposed under procaine hydrochloride anesthesia, A
gauze bandage saturated with petrolatum was placed around the
dog’s muazle, or else it was shaved the day before and & rubber
mask (Blalock (25)) was put in position and inflated. The mask
Was connected to the Sanborn Graphic apparatus and the dog per-
mitted to rebreathe fifteen to twenty minutes before the test
period was started. The test period of eight minutes was then re-
(t??rded and arterial and venous blood collected at the end of this

ime,

After a satisfactory normal period, the dog was tied to the board
and anesthetized as described above. Following twenty-five to
fo.rty minutes of anesthesia, usually of a moderate surgical stage
Wwith good abdominal relaxation but with the wink reflex present,
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a second metabolic period was recorded, at the end of which ar-
terial and venous samples were taken. The cyclopropane concen-
tration in the spirometer at the heginning and at the end of the
test period was determined. A 5 ce. sample of arterial blood was
drawn and analyzed for the cyclopropane content

After the first determination under anesthesia, the cyclopro-
pane content in the Sanborn Graphic was increased gradually
until the wink reflex was abolished. The dog was then kept at this
level for twenty to thirty minutes, after which a second deter-
mination was made.

Tinally, the cyclopropane concentration was increased until the
respiration ceased, at which time an arterial sample was collected
for the determination of the cyclopropane present at respiratory
arrest.

Results

The results obtained from a series of nine dogs are shown in
table 35. The following general conelusions can be drawn from the
data given-

1. The normal cardiac output per kilo per minute in seven of
the nine experiments averaged 155 ce. which approximates the
values given by Marshall (198) of 135 ec. and Blalock (25) of 159
ce. Special attention will be called to experiments 1 and 6 below.

2. The arterial oxygen content under anesthesia is greater than
the normal by 2 volume per cent.

3. The arterial-venous oxygen difference is less under anesthesia
than in the normal.

4. The eardiac output under moderate surgical anesthesia with
cyclopropane, stage III, plane 3, is increased 45 per cent with an
arterial concentration of eyclopropane which is equal to 62 per
cent of the fatal concentration.

5. In four dogs in which the arterial content of cyclopropanc
averaged 85 per cent of the fatal amount, the output was equal to
the normal.

6. In five dogs in which the arterial concentration of cyclo-
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propane was 95 per cent of the fatal concentration, the output was
reduced on the average of 28 per cent.

In experiment 1, the dog was pregnant and near term because
one of the two fetuses Hved for two months following delivery by
section after the maternal respiration ceased. The clevated cardiac
output in the control is explainable on the basis of the pregnancy
as Burwell (56) reported a 50 per cent increase during the seventh
and eighth months of pregnancy in normal women. In experiment
G, however, we have no explanation for the high normal output,
but because the output under anesthesia was increased over the
control, we feel that it is correct.

Special attention should be called to the results in experiments
5 and 8, in which output studies were made under a moderate
depth of anesthesia thirty and sixty minutes, respectively, after
determinations under very deep anesthesia. In experiment 5, the
output returned from a decrease of 57 per cent to normal under a
lighter anesthesia, and in number 8 from a decrease of 13 per cent
to an increase of 16 per cent. These show that any decrease in the
output which is present under a decp anesthesia rapidly reverts
to normal or to an increase in output when the anesthesia is light-
ened.

No cardiac irregularities were noted in this study.

Blalock (25) in 1927 reported a study on the effect of ether
anesthesia upon the cardiac output. He found that in dogs under
moderate surgical anesthesia the output was inereased 76 per cent,
but under very decp ancsthesia the output decreased to a value
fess than the normal. In later studies by Blalock (26) it was found

that the output under chloroform anesthesia was decreased 28
per cent, and under ethy! chloride the changes were variable but
averaged 14 per cent less than the normal. Marshall (197) reported
that under pantopon-urethane anesthesia the output was increased
20 to 160 per cent but that under morphine alone there was no
Fllﬂnge in output. Caleulation of data given by Moore ef al. (218)
in their studies on dogs under barbital anesthesia gives an average
output per kilo per minute of 227 ce., which is about 50 to 60 per
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cent greater than the average normal output values of Marshall
(197) and of Blalock (25). In all of the studies mentioned above,
the Fick principle was used in caleulating the output after direct
determination of the oxygen content of the arterial and venous
blood.

Greisheimer and her associates (122) have made numerous
studies on the effect of cyclopropane upon various cardiovascular
functions in the normal dog, in the dog with morphine premedica-
tion, and in dogs that have had ether as a supplement either be-
fore or after cyclopropane anesthesia. They have not made con-
trol eardiac output studies on the dog in the awakened state. Their
procedure is to anesthetize the animal very lightly, or moderately
deep, make a determination, and continue the animal in this stage
fcr a long pericd of time and make repeated examinations at ten
to fifteen-minute intervals for six or eight times. In their report
of 1954, Greisheimer, Ellis, Webber, Bayer, and Lynch (120) re-
ported on the cardiac output by Cuvette oximeter under cyelo-
propane anesthesia. In a series of nineteen dogs, receiving cyclo-
propane alone, the average concentration of 18 to 18.5 mgm. of
cyclopropane to 100 ce. of blood, they found the average cardiac
output on their first determination to be 2.97 liters per sq. meter
per minute. Approximately seventy-five minutes later, their sivth
determination on the eardiac output with a concentration of 186
mgm. of eyclopropane per 100 ce. showed 3.56 liters per sq. meter
per minute. Along with this slight increase in cardiac output as the
anesthesia was maintained, they observed a slight fall in the car-
diac rate from an average of 141 per minute to 127. There was 2
relatively constant blood pressure of 150 mm. throughout the
study. They feel as time of anesthesia extends that there is a re-
duction in the peripheral resstance permitting a slight increase
in the cardiac output as the blood pressure is maintained. Greis-
heimer ¢t al. (119), in a subsequent study upon the cardiac cutput
by Cuvette oximeter under cyclopropane-oxygen-ether anesthesia,
found an increase in the output as anesthesia continued under
eyclopropane with a concentration of 119 to 28 mgm. per 100 cc.
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with an average of 19 mgm. per 100 cc., and in these same animals
when the eyclopropane was reduced and ether added so that there
were 9 mgm. of cyclopropane and 87 mgm. of ether, the cardiac
output had increased from 3.1 liters per minute under cyclopro-
pane alone to 4.3 liters per sq. meter per minute when the dogs
were under a combination of cyclopropane and ether. They noted
a marked increase in heart rate after the ether was added to the
cyclopropane anesthetized dogs and also a fall in blood pressure
from 146 mm. of mercury under cyclopropane alone to 115 mm., of
mereury with eyclopropane and ether. This fall in blood pressure
at the same time of the significant increase in cardiac output must
indicate a reduction in peripheral resistance, and this is highly
probable because the dogs have nearly a full anesthetic concentra-
tion of ether and approximately a half of an anesthetic dose of
cyclopropane, so that under the mixture the animals must have
been much deeper anesthetized than they were with the cyclo-
propane alone.

In a later paper by Greisheimer and her associates (118) upon
the effect of thiopental sodium anesthesia, the cardiac output in
fifty-one experiments was 4 liters per sq. meter per minute,
whereas when cyclopropane was added to supplement the pento-
thal when the pentothal concentration was approximately half
that in the pentothal alone experiments and cyleopropane was a
little over half the anesthetic dose, they found the cardiac output
had been reduced to 3.5 liters per sq. meter per minute. At the
same time they ohserved g fall in heart rate from 196 per minute
under thiopental sodwum alone to 153 per minute under thiopental
sodium and cyelopropane. In a mare recent paper by Greisheimer
and her associates (117) on the effect of morphine and cyclopro-
pane anesthesia on the cardiovascular function in the dog, their
ammals were premedicated with 3 mgm. per kilo of morphine.
This dose of morphine reduced the concentration of cyclopropane
necessary for the given level of anesthesia from 19.7 mgm. to 9.9
mgm. per 100 cc. of blood. In the dogs that had received cyclo-
propane alone, they found an inerease in the cardiac index from
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cent greater than the average normal output values of Marshall
(197) and of Blalock (25). In all of the studies mentioned above,
the Fick principle was used in ealeulating the output after direct
determination of the oxygen content of the arterial and venous
blood.

Greisheimer and her associates (122) have made numersus
studies on the effect of cyclopropane upon various cardiovascular
functions in the normal dog, in the dog with morphine premedica-
tion, and in dogs that have had ether as a supplement either be-
fore or after cyclopropane anesthesia. They have not made con-
trol cardiac output studies on the dog in the awakened state. Their
procedure is to anesthetize the animal very lightly, or moderately
deep, make a determination, and continue the animal in this stage
fcr a long pericd of time and make repeated exarninations at ten
to fifteen-minute intervals for six or eight times. In their report
of 1954, Greisheimer, Ellis, Webber, Bayer, and Lynch (120) re-
ported on the cardiac output by Cuvette oximeter under cyclo-
propane anesthesia. In a series of nineteen dogs, receiving cyclo-
propanc alone, the average concentration of 1§ to 18.5 mgm. of
cyclopropane to 100 cc. of blood, they found the average cardiac
output on their first determination to be 2.97 liters per sq. meter
per minute. Approximately seventy-five minutes later, their sixth
determination on the cardiac output with a concentration of 18.6
mgm. of cyclopropane per 100 cc. showed 3.56 liters per sq. meter
per minute. Along with this slight increase in cardiac output as the
anesthesia was maintained, they observed a slight fall in the car-
diac rate from an average of 141 per minute to 127. There was a
relatively constant blood pressure of 150 mm. throughout the
study. They feel as time of anesthesia extends that there is a re-
duction in the peripheral resistance permitting a slight increase
in the cardiac output as the blood pressure is maintained. Greis-
heimer el al. (119), in a subsequent study upon the cardiac output
by Cuvette oximeter under cyclopropane-oxygen-ether anesthesia,
found an increase in the output as anesthesia continued under
cyclopropane with a concentration of 11.9 to 28 mgm. per 100 ce.
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pressure of 4 em. of water. With thiopental sodium of 50 mgm. in
500 ce. of the perfusion fluid, the cardiac output was decreased
from 230 to 50 cc. per minute and the right auricular pressure
increased from 0 to 17 cm. of water. These marked differences in
the decrease in eardiac output and the increase in right auricular
pressure in the heart-lung preparation must be due to a relative
variation in the concentrations of the anesthetic agents, whereas
73 mgm. of ether per 100 ce. of blood or perfusion fluid are approxi-
mately three-fourths of the anesthetic dose, cyclopropane, 23
mgm. per 100 cc., is well beyond the anesthetic dose and is ap-
proximately four-fifths of the fatal concentration. Fifty mgm. of
thiopental sodium per 500 cc. aie far in excess of that which would
be obtained in the body of a normal subject during anesthesia
with thiopental sodium. In the second portion of their study, the
cardiac output was determined in man under pentothal sodium,
ether, and cyclopropane anesthesia. In their study on man, the
spirogram method of oxygen consumption was used, and they
spent, considerable time in comparing this method with that of the
Fjlck principle and feel that in their hands it is accurate. In addi-
tion to the cardiac output under these conditions they measured
the forearm blood flow by the technic of Bancroft, and with ether
and. cyclopropane they determined the alterations in the right
auricular pressure. Their values are shown in table 36. Particularly
of interest in this table is the lack of change in cardiac output un-
der pentothal anesthesia and the relatively large increase under
ether and under cyclopropane anesthesia as this is the only report
of an increase in cardiac output in man under cyclopropane anes-
1118§1a. This might be due in part to the increase in heart rate
during anesthesia with cyclopropane after the induction with
tl\m}?ental. The forearm blood flow increased with pentothal ap-
provimately threefold, that with ether fivefold, and with cyclo-
propane at least fourfold.

of l;)ereolcolnnl. (ISO) have repo?tcfl a study on the circulatory effects

ged light anesthesia in man in which six healthy male

adults were used for the study. They carried out cardiac output
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3.07 liters per minute on the first determination to 3.66 liters on
the sixth determination, whereas when a dog has heen premedi-
cated with morphine, the first determination of the cardiac output
was 1.8 liters per minute and at the sixth determination 2.8 liters
per minute, Thus the addition of morphine to the dog reduced the
cardiac output approximately a third, systolic blood pressure was
down 20 per cent, the mean blood pressure had been reduced from
150 to 104 mm. of mercury, and the heart rate from 120 per min-
ute to 71 per minute. Thus with dogs, morphine markedly de-
creases the cardiovascular function under cyclopropane anes-
thesia. From these studies of Gresiheimer and her associates, oné
may say that cyclopropane anesthesia of a constant level over a
long period of time causes a slight rise in the cardiac output, 2
moderate fall in the heart rate, very little change in the blood
pressure. However, when pentothal or morphine are added to the
cyclopropane either before or after, there are a diminution of the
cardiac output and a fall in blood pressure. These observations
were on dogs, and the interpretation of their significance is of
value only for the dog. In the dogs that received morphine fol-
lowed with cyclopropane, they observed marked cardiac arrhyth-
mias in over 50 per cent of the experiments. This had been noted
first by Seevers and his associates (297) and later studied in more
detail by Robbins, Baxter, and Fitzhugh (279).

Man. Prime and Gray (261) in 1952 reported a study upon the
effect of certain anesthetics and relaxing agents on circulatory
dynamies. In the first portion of their paper the study was devoted
to the effect of ether, eyclopropane, and thiopental sodium upon
the cardiac output and the mght auricular pressure of the dog
heart in the heart-lung preparation. In the ether experiments, the
concentration of ether was 73 mgm. per 100 ce. of the perfusion
fluid. This caused a decrease n cardiac output from 260 to 160
per minute and an increase in right auricular pressure of 2 em. of
water. With cyclopropane in the perfusion fluid in the concentra-
tion of 23 mgm. per 100 cc, the cardiac output was decreased
from 200 to 70 cc. per minute with an increase of right auricular
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pressure of 4 em. of water, With thiopental sodium of 50 mgm. in
500 ce. of the perfusion fluid, the cardiac output was decreased
from 250 to 50 ce. per minute and the right auricular pressure
increased from O to 17 em. of water. These marked differences in
the decrease in cardine output and the increase in right auricular
pressure in the heart-lung preparation must be due to a relative
variation in the concentrations of the anesthetic apenis, whereas
73 mgm. of ether per 100 cc. of blood or perfusion fluid are approxi-
mately three-fourths of the anesthetic dose, cyclopropane, 23
mgm. per 100 ce., is well beyond the anesthetic dose and is ap-
proximately four-fifths of the fatal concentration. Fifty mgm. of
thiopental sodium per 500 cc. are far in excess of that which would
be obtained in the body of 2 normal subject during anesthesia
with thicpental sodium. In the second portion of their study, the
cardiac output was determined in man under pentothal sodium,
ether, and cyclopropane anesthesiz. In their study on man, the
spirogram method of oxygen consumption was used, and they
spent considerable time in comparing this method with that of the
I‘j 1ck principle and feel that in their hands it is aceurate. In addi-
tion to the cardiac output under these conditions they measured
the forearm blood flow by the technic of Bancroft, and with ether
and cyclopropane they determined the alterations in the right
aux:mular pressure. Their values are shown in table 36. Particularly
of interest in this table is the lack of change in cardiac output un-
der pentothal anesthesia and the relatively large increase under
ether and under cyclopropane anesthesia as this is the only report
of anincrease in cardiac output in man under cyclopropane anes-
thes_la‘ This might be due in part to the increase in heart rate
?}Uf‘"{! anesthesia, with cyclopropm}e after the induetion with

topental. The forearm blood flow increased with pentothal ap-
brovimately threefold, that with ether fivefold, and with eyclo-
propane at least fourfold.

of Lee 1“ al. (180) have reported a study on the circulatory effects
a da’;z onged light anesthesia in man in which six healthy male
k Wi

ere used for the study. They carried out cardiac output
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TanLE 36*
Effect of hal, cther, and cycloprop. upon the cardiae oulput, heart rale,
Jorearm blood flow and right auricular pressure in man
Panuss Condition CO—L/t | HartRate | FEXS | maP
15 Control 48% 9 675
After Premed 55+ .8 16 5.5
Pent Anes. 5. & 7 877 1735
10 After Premed. 613 9 71x7 69 ~1.5
Ether Anes, 8.4 4 1.4 8 £ 5 30 ~1
6 After Premed. 18 72 42 —-15
Cyclopropane Anes 81 77 17 0

* After Prime and Gray: Brit J. Anaesth , 24, 101-136, 1952 (261)

studies using the Evans blue dye method, alteration in kidney
functions using inuln and para-aminohippurate, and also the
alteration or change in the arm blood flow using the occlusion
plethysmograph. Their subjects were given preanesthetic medica-
tion of omnopon 11 ta 22 mgm. and scapolamine 4 to .65 mgm.
As a rule the anesthesia was induced with a small dose of thiopen-
tal sodium and immediately changed thereafter to cyclopropane
and oxygen muxture and maintained in stage III, plane 1, during
the experimental study. They observed a decrease in cardiac out-
put of approximately 30 per cent under anesthesia as compared
to their control. The forearm blood flow was increased about 80
per cent under anesthesia. The glomerular filtration was de-
creased 50 per cent and the renal blood flow approximately 40 per
cent under anesthesia at the beginning of the anesthesia with a
gradual return toward the preanesthetic level as anesthesia was
prolonged. These data are recorded graphically in figure 31 in
Chapter 3, and figure 62 1n Chapter 7.

DeWardener and his associates (85) report a study on the cireu-
latory effects of hemorrhage during prolonged light anesthesia in
man. They studied fourteen healthy subjects in which operations
for correction of varicose veins were done. In place of determining
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the cardiac output in the awakencd state, they waited and made
their control studics after a light anesthesia had been induced.
The patients were bled hefore the operative procedure of 13 to 29
per cent of the calculated blood volume, and the cardiac studies
made ten’to twenty minutes after the hemorrhage giving a little
time for the readjustment due to the blood loss. Cardiac output
after hemorrhage was reduced 33 per cent, the pulse rate was in-
creased 10 per cent, the forearm muscle blood flow was reduced
58 per cent, and the blood pressure only 10 per eent. There was ho
significant change in the renal blood flow or glomerular filtration
during or as a result of this hemorrhage. X

In 1955, Etsten, Reynolds, and Li (94) published their studies
upon the effects of controlled respiration on circulation duri'l\g
cyclopropane anesthesia. In their control studies the cardiac in-
dex was 3.5 liters per minute, that under light surgical anesthesia
was 3.3 liters per minute, no significant change, but when the
respiration was controlled the cardiac index fell from 3.3 to 2.5
liters per minute which is of marked significance. They felt that
the increased intrairway pressure reduced the blood flow through
the lungs thus cutting back the cardiac output. During their
studies on controlled respirations they found that the carbon d}-
oxide tension and oxygen was normal during the period of venti-
lation.

Li and Etsten (186), in 1957, published a study on the effects of
cyclopropane anesthesia on the cardiac output and related hemo-
dynamics in man In this study they correlated the concentration
of eyclopropane 1 the blood with the electruencephalcgmphic
changes as one proceeded from light anesthesia to deep anesthesia.
These results of their data on the cardiac index are shown in
figure 32 and on the effect of the total peripheral resistance, the
stroke volume, and the heart rate are shown in figure 33. It is of
nterest to note in figure 32 that as the depth of anesthesia pro-
gresses, there is a gradual return of the cardiac output to the pre-
ancsthetic level This they believe is due to a decrease in the
peripheral resistance of the vascular bed as is shown in figure 33.
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Etsten and Li (93) have studied the effect of chlorpromazine as a
preanesthetic drug in place of morphine and scopolamine. In a
group of fourteen subjects that received morphine and scopola-
mine as the preanesthetic drug, there was an average reduction
of the cardiac index of 18 per cent during surgical anesthesia. With
fourteen patients that received chlorpromazine as preanesthetic
medication and given cyclopropane anesthesia, there was an in-
crease of 7 per cent, which is not significant, but at least the change
from morphine and scopolamine to chlorpromazine resulted in a
better cardiac output during cyclopropane anesthesia. They be-
lieve that this is due to two factors. First, that with chlorproma-
zine the heart rate is not reduced as much with cyeclopropane as it
is following morphine and scopolamine premedication and eyelo-
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propane anesthesia. Second, with cyclopropane following mor-
phine and scopolamine there was a marked increase in the total
peripheral resistance of 46 per cent above the control, whereas
when chlorpromazine was given the increase was only 12 per cent.

Thompson, Patrick, and Woods (335) published a study early
in 1957 on the effect of cyclopropane anesthesia on the circulation
of human beings in which seven patients were the experimental
subjects. They made observations on the cardiac output, the pulse,
the blood pressure, and the peripheral resistance on these seven
patients in three or four different planes of anesthesia as deter-
mined by the electroencephalogram. In contrast to the observa-
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Fic 33. Hemodynamic changes during cyclopropane anesthesia TP.R =
total peripheral resistance, S V. = stroke volume, CI1 = cardiac index, and
H R. = heart rate The changes 1n the heart rate paralleled the changes m the
cardiac index. (L1 and Etsten Anesthesiology, 18, 15, 1957)



EFFECTS UPON CIRCULATORY SYSTEM 127

tions by i and Dtsten, Thompson and his assaciates found a
continual increase in the peripheral resistance as the depth of
anesthesia was increased, whereas Li and Etsten obtained first a
marked increase in peripheral resistance, and as anesthesia was
inereased to the electroencephalographic level 4, they observed a
return of the peripheral resistance toward the control value. Like-
wise, Thompson and his associates observed a continuous reduc-
tion in the cardiac output as the level of anesthesia was increased.
This decrease in cardiac output was directly parallel to the de-
crease in the heart rate of the patients. Figure 34 shows the results
of Thompson and his associates’ study on the cardiac index, pulse
rate, stroke index, and the radial arterial mean pressure.

It seems from the reports discussed above that the cardiac out-
put in man under cyclopropane anesthesia is decreased from the
control by somewhere around 20 per cent. Likewise, there is a
diminution in the heart rate which parallels the decrease of cardiac
output. These data were obtained in studies in which the Evans
blue dye was used for the determination of cardiac output. In
man the only study showing an increase of cardiac output during
cyclopropane anesthesia is that of Prime in which the spiro-
graphie method of the determination of oxygen consumption was
used. In the dog it seems that there is an increase in the cardiac
output during surgical anesthesia of moderate degree, and that
with very deep ancsthesia there is a decrease in the cardiac output.

EFFECT OF CYCLOPROPANE ON WORK CAPACITY OF THE HEART

There have been other studies on the effect of cyclopropane on
the cardiac mechanism or its ability to do work.

Lee et al. (181), in their study on the mechanism of production
of spontaneous cardiac irregularities with high concentrations of
cyclopropane, have reported upon the effect of perfusion of the
dog and the eat heart with fluid containing various concentrations
of evclopropane, and they note a reduetion in the ability of the
heart to make a maximum contraction and also a slowing of the
heart rate. A photograph of one of their records is shown in figure
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35 in which the heart of the dog was perfused for a short period of
time with fluid containing cyclopropane. During the period of
perfusion there was a marked dimmution 1n the contractility of the
heart, and this was soon returned to normal upon the removal of
cyclopropane from the perfusion solution.

Brace, Scherf, and Spire (38) 1n 1941 reported upon the effect of
cyclopropane upon the blood pressure, stroke volume, and heart
size of the dog. They prepared their animals for study under light



EFFECTS UPON CIRCULATORY SYSTEM 129

oM OFF

Fic 35. A record from a dog heart perfusion with defibrinated blood treated
for control or cyclopropane tests as indicated. Cardac depression by cyclo-
propane, followed by recovery after its withdrawal, is evident as was tl}e case
with other species tested (Lee, Orth, Wangeman, and Meek: Anesthesiology,
4, 487, 1043)

nembutal anesthesia and placed a plethysmograph around the
heart including the ventricles and the base of the heart. This
method showed alterations in the diastolic size of the heart. They
administered relatively high concentrations of cyclopropane, 50
to 75 per cent cyclopropane in oxygen, for perieds of five to eight
minutes. As a rule there was an increase in blood pressure as the
anesthesia proceeded, there was an increase in the diastolic size
of the heart, and pulsus alternans was observed quite frequently
when the 75 per cent mixture of cyclopropane was being used.
Cardiac arrhythmias other than the pulsus alternans were never
observed. With the 50 per cent mixture in the inspired air, they
observed routinely an increase in blood pressure, an increase in
the heart volume, also an increase in stroke size. They, like Lee,
found that the heart returned to normal very rapidly after the
administration of cyclopropane was discontinued. A photograph
of one of their studies is shown in figure 36.

Moe and his associates (216) reported on the effect of cyclopro-
pane on cardiac work capacity. Using the standard heart-lung
preparation, they observed the effect of eylcopropane on the ear-
diae work capacity by determining the cardiac reserve as indicated
by changes in the right auricular pressure when the aortic pressure
is raised. Figure 37 is from their paper. It is observed that when
cyclopropane in 10 mgm. per 100 ce. was used, the auricular pres-
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Fr¢ 36 Blood pressure and cardiac plethysmogram during admimstration of
a mixture of 50 per cent cyclopropane and 50 per cent oxygen (Brace, Scherf, and
Spire  Anesthesiology, 2, 261, 1941)

sure was increased from 50 to 96 mm. of water when the aortic
pressure was inereased from 86 to 106 mm. of mercury. When
cyclopropane in concentrations of 20 mgm. per 100 cc. was per-
fused, the auricular pressure mereased from 69 to 173 mm. of wa-
ter when the aortic pressure was increased from 86 to 100 mm. of
mercury. This shows a progressive decrease in the cardiac reserve
as the concentration of eyclopropane was increased.

In a more recent study by Price and Helrich (260) upon the ef-
fect of cyclopropane, diethyl ether, nitrous oxide, thiopental and
hydrogen ion concentrations on the myocardial function of the
dog heart-lung preparation, it was found, with all of the anesthetic
agents m their approximately equivalent anesthesia producing
doses. that there was a diminution in the mechanieal ability of the
heart. The mechanical ability of the heart was calculated as the
slope of the line relating cardiae output in liters per minute and the
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CYCLO 10Me% 205m6% T LATYR 3

PENTO 10m6/Ke

Fig 37. Experiment 1-24-49. Dog 103 kgm. Pressure stabilizer attached to
abdominal aorta Tracings, top to bottom: arterial pressure, scale at right in
nullimeters of mercury; right auncular pressure, scale at left in millimeters of
water; signal; time, 10 seconds Figures after ““Cyclo” refer to cylecopropane
concentration in jugular venous blood. Pento = pentobarbital sodium. Between
B and C, cyclopropane discontinued, followed by frequent flushing for twenty
minutes. (Moe et al + Anesthesiology, 10, 706, 1949)

right atrial pressure which was obtained when the heart was work-
ing against the fixed arterial pressure. Figure 38 is taken from their
paper, and it can be readily seen that all of the anesthetic agents,
even including nitrous oxide, when given in anesthetic concen-
trations produced a diminution in the ability of the heart to do
work, and this diminution was more or less similar with all of the
four anesthetic agents studied.

Price and his associates (259), in the study on change in the
central venous and arterial pressures during anesthesia in man,
observed an increase in the blood pressure of 11 mm. of mercury
in stage III, plane 2, surgical anesthesia and a decrease in the
heart rate in twelve of fifteen patients. Simultaneous observations
on the central venous pressure showed that during eyclopropane
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Fic. 38 Effect of anesthetic agents on the heart-lung preparation The me-
chanieal function 1s reduced as the concentration of the anesthetic in the blood 19
inereased (Price and Helnieh J Pharmacol & Exper Therap., 115, 206, 1955)

anesthesia there was an increase in this pressure, whether the
pCO:2 was up or not, but if the pCO, was increased, there was 2
more marked increase in the central venous pressure (fig. 39).
They believe that the inereased venous pressure is related to a
diminution in the heart rate which in turn is related to the con-
centration of cyclopropane. They feel that eyclopropane may
reduce the competence of the heart while at the same time aug-
menting the return of blood from the periphery.

CYCLOPROPANE UPON THE HEART RATE

Tn their earlier work, Waters and associates were of the opinion
that eyclopropane in non-premedicated man and dog decreased
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Fic. 39 Theeffect of a reduction n artenal blood concentration on the arterial

and central venous pressure (Price, Conner, and Dripps Anesthesiology, 14, 1,
1952)

the heart rate, but later Seevers and Waters (298) felt that fur-
ther experience does not support their former opinion in relation
to the dog

Lec ¢f al. (180), Li and Etsten (186), and Thompson ¢! al.
(335) all report a reduction of pulse rate in man during cyelo-
propane anesthesia.

Shackell and Blumenthal (299) found in monkeys that cyclo-
propane anesthesia decreased the heart rate and that the higher

the concentration of cyclopropane, the greater the decrease as a
rule.

In papers by Robbins and Baxter (275, 276, 277) it was recorded

e
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that in non-premedicated, untrained and trained dogs the heart
rate was greater under cyclopropane anesthesia than in the pre-
anesthetic state.

The average heart rate values in seventy-one dogs with and
without premedication are shown in table 37.

Cyclopropane alone increases the heart rate in all planes of
anesthesia in dogs; morphine reduces the control rate which is
maintained or further reduced under cyclopropane; amytal alone
causes an increase in the rate which is maintained with cyelo-
propane so that it is in the range of those with cyclopropane alone.

CYCLOPROPANE UPON THE BLOOD PRESSURE

There is a difference of opinion reported in the clinical literature
regarding the effect of eyclopropane anesthesia upon the blood
pressure, Waters (339) and Marshall and Daly (201) state that
there is little or no change; Rovenstine (286) states that there is
a slight fall in thoracic cases, whereas Rowbotham (288) states
that there is a consistent rise of 10 to 40 mm. of mercury. In most
of the reports it was stated that the patients received morphine
and atropine or scopolamine thirty to ninety minutes hefore the
cyclopropane was started, some give a barbiturate in addition to
the morphine about two hours before the anesthesia.

The studies of Dripps (89) in 1947 and Buckley in 1953 (43)
show that the rise in pressure during cyclopropane is due to car-
bon dioxide accumulation and with adequate respiratory exchange
the pressure remains narmal.

Robbins and Baxter (277) reported a study in which the changes
in blood pressure were recorded in fourteen dogs without premedi-
cation, fourteen with morphine premedication, and four dogs
with amytal premedication. Their results are shown in table 38.

As a rule there was an increase in blood pressure in the non-
premedicated dog, and this increase was maintained until the
stage of respiratory arrest. This rise is not due to an increase of
carbon dioxide content as postulated by Waters (339) because
blood gas analyses failed to show an increase in carbon dioxide
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Tanre 38*
T'he cffect of premedication upon the blood pressure of dogs
ancsthetized with cyclopropane

| Premedicavon Blood Pressure
);\Ilsnb(r
of Dogs
Type (MR PCL Conyrot | Alterpre |y, } i J w
14 None 115 130 130 122
5 Morphine 1 137 129 13 10¢ t
4 Morphine 2 149 135 110 108 1
5 Morphine 5 142 122 100 96 1
4 Amytal 10 137 139 135 134 133

* Robbms and Baxter: J Pharmacol and Fyper. Therap., 68, 85, 1910 277)
t These dogs were given amytal sodium, 2.5 mgm. per kilogram “IV”, while
1n stage I1Is_4 to abolish the cardiac irregularities.

TapLE 39
The effect of cyclopropane anesthesia wpon the heart rale and
rhythm and blood pressure in non-premedicated dogs

Iixperiment 21, Dog, 186 kgm , ¢ —5/17/37

EKG Amlysis

Tme | Poglmer | Db

® - Number | Rate | P-R T Rhythm
9 34 Control 125 1* 80 .1 -+ 8. A,
9.44 CyHs on
9415 150 2 60 | .09 + [8 A
948 I, 14 5 150 1 - Regular
10 15 111, 140 v 10 | .1 Regular
10 30 1o, 140 g [ 110 | .1 Regular
10 50 84 Py 155 9 140 09 Regular
11 00 i ¢ o) 130 10 70 | .11 — | Regular
11 03 111, 120 11 50 09 — { Regular
11.05 v 110 12+ 55 10 — | Regular
11.08 Y 96 13 60 08 — [ Regular
11.21 v 60 15* 105 09 - Regular
11°21.5 v 60 16* | 10 | .10 + | Regular
11:22 v 60-0 17* 110 .09 4 | Regular
11225 v [} 18* 115 .10 -+ Regular

JE R
* See figure 41 for electrocardiographic record See figure 40 for blood pressure
records
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until stage 111 or stage IV was reached. In the dogs receiving
morphine, the morphine alone produced a fall in blood pressure,
and this fall was increased under cyclopropane; in the dogs re-
ceiving amytal, the blood pressure maintained a constant level
throughout anesthesia but at respiratory arrest was slightly
under the control level.

Protocols, kymographic records of blood pressure and respira-
tion, and electrocardiographic records of several experiments on
dogs anesthetized with cyclopropane alone and after premedica-
tion with morphine or amytal are given below.

Records from a non-premedicated dog, experiment 21, are given
in table 39 and figures 40 and 41, and from another experiment,
in table 40 and figures 42 and 43. In both experiments there was
a rise of blood pressure during stage III, planes 2 and 4, and this

TasLE 40*

The effect of cyclopropane anesthesia upon the heart rale,
rhythm, and blood pressure

Experiment 23 Pup, 7 2 kgm , ¢*—5/25/37. Circle filter

EKG Analysis
Procedure or | Blood
Tume T

Pressure
Number| Rate | PR T Rhythm

9.44 Control 110 1f | 140 1 + [ 8. Al
945 C:H; on
9.48 111, 130 2 250 08 + | Regular
9-52 111, 140 4 220 | .08 Regular
0.5¢ 111, 115 6 260 — | Isregular
10:15 111y 110 7t 10| 1 + | Regular
10 20 111, 100 8 120 | 1 + | Regular
10 30 I, 110 9t ] 120 | 1 + | Regulra
i(l)g Ig‘_‘ 120 10t } 135 | 1 + | Regular

B 1L, 125 1t § 130 | .1
11:06 v + | Reslar
no7s v 70 12f 90 [.1-.12{ + | Nodal at ead

The Os content at 11.07 was .5 volumes per cent.

; Isloblf;lm and Baxter J Pharmacol. and Esper. Therap., 68, 85, 1940 (277)
e figure 43 for electrocardio; h S . ’ res.
o graphic records. See figure 42 for blood pres-
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TapLE 38*
The cffect of premedication upon the blood pressure of dogs
anesthelized with cyclopropane

Premedication Blood Pressure
Number
of Dogs
Tope  |MATPT| congrol | Afterpre | ppr,, 1My w
4 None 115 130 130 122
5 Morphine 1 137 129 113 10t t
4 Morphine 2 149 135 110 108 1
5 Morphine 5 142 122 100 9 1
4 Amytal 10 137 139 135 13¢ 133

* Robbins and Baxter J Pharmacol. and Exper. Therap , 68, 85, 1940 (277).
t These dogs were given amytal sodium, 2 5 mgm. per hilogram “IV”, while
10 stage III,_4 to abolish the cardiae irregularities.

TapLE 39
The effect of cyclopropane ancsthesia upon the heart rale and
rhythm and blood pressure in non-premedicated dogs

Experiment 21. Dog, 18 6 kgm , 9—5/17/37

EKG Analysis

T | gt |,
Number | Rate P-R T Rhythm
9:34 Control 125 1* 80 .1 + S Al
944 C;H, on
9.41 5 150 2 160 1) + S A,
9:48 ;s 144 5 150 1 - Regular
10.15 I1L, 140 kid 110 1 Regular
10 30 jeiew 140 8* 110 a1 Regular
10.50 ) 1§ Y 155 9 140 09 Regular
11-00 111, 130 10 70 11 — | Regular
11 03 1, 120 1 50 09 — | Regular
11-05 v 110 12*% 55 .10 - Regular
11:08 v 06 13 60 08 - Regular
1m:21 v [ 15 105 .09 - Regular
11:21.5 v G0 16* 110 10 + Regular
11:22 v 60-0 17+ 110 .09 + Regular
11:22.5 v 0 18* 116 .10 + Regular

* See figure 41 for electrocardiographic record Sec figure 40 for blood pressure
records.
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Fia. 42 Experiment 23 Record of blood pressure and respiration d.uring
eyclopropane anesthesia. See table 40 and figure 43 for further data on this ex-
periment. (Robbins and Baxter- J, Pharmacol & Exper. Therap , 68, 85, 1940)

F1c 43. Electrocardiographic records from experiment 23. See table 40 and
figure 42 (Robbins and Baxter. J. Pharmacol, & Exper. Therap., 68, 85, 1940)

rise of pressure was not due to an accumulation of carbon dioxide
or to oxygen lack. There were oceasional respiratory movements
(of abdominal type) by the dog in experiment 21 after the electro-
cardiographic record no. 12 was made at 11:05 A.M.; these ac-
count for the long delay in the development of circulatory failure
which was observed at 11:22 A.M. although the electrocardio-
graphic record at this time was normal except for a marked in-
crease in amplitude of the T wave (fig. 41, record no. 17).
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Fia. 40. Expeniment 21, Record of blood pressure and respiration during
cyclopropane anesthesia See table 39 and figure 41 for further data on this ex-
periment

R

RN TR (ool
Fi6. 41 Electrocardiographic records from expeniment 21. See table 39 and
figure 40
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Fic. 42. Expenment 23. Record of blood pressure and respiration d.uring
cyclopropane anesthesia. See table 40 and figure 43 for further data on this ex-
periment. (Robbins and Baxter J. Pharmacol & Exper. Therap., 68, 85, 1940)

Fic 43. Electrocardiographic records from experiment 23. See table 40 and
figure 12, (Robbins and Baxter: J. Pharmacol & Exper Therap., 68, 85, 1910)

rise of pressure was not due to an aceumulation of carbon dioxide
or to ovygen lack. There were occasional respiratory movements
(of abdominal type) by the dog in experiment 21 after the electro-
cardiographie record no. 12 was made at 11:05 A.M.; these ac-
count for the long delay in the development of circulatory failure
which was observed at 11:22 A M. although the electrocardio-
graphic record at this time was normal except for 2 marked in-
crease in amplitude of the T wave (fig. 41, record no. 17).



138 CYCLOPROPANE ANESTHESIA

Apve
R 251
)

P

Fic 40. Experiment 21. Record of blood pressure and respiration during
ceyclopropane anesthexin, See table 30 and figure 41 for further data on this ex-
periment.

Fia. 41 Electracardiographic records from experiment 21, See table 39 and

figure 40
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Records from an experiment are given below in which the dogs
received morphine as preanesthetic medication. In these dogs
the blood pressure was redueed, the heart rate reduced, and car-
diac irregularities were observed during stage 11l ; small doses
of amytal were given while the irregularities were present, and
routinely the rhythm returned to normal, and there was frequently
a rise in blood pressure. See table 41 and figures 44 and 45.

Frc. 44 Experiment 8. Record of blood pressure and respiration during

eyclopropane anesthesia See table 41 and figure 45 for further data on this ex-
periment

AAAMARAAAAASTR A Ak Ao Aot P Fen P
F1a 45 TElect i s i .
S 4t ectrocardiographic records from experiment 8. See table 41 and



TasLE 41
The effect of cyclopropane anesthesia upon the hear! rate, rhythm,
and blood pressure in dogs premedicated with morphine

Esperiment 8. Dog, 145 hgm, 9 —2/7/30

Blood EKG Analysis
Time Procedure or Stage Pres-
SUIe [Nymber| Rate | P-R T Rhythm
1.58 | Control 170 1* 70| 1| 4+ [S. A
1.59 | Morphine SO,, 2
mgm per kgm.,
subeutaneously
2:29 160 2* 51 .11 4+ | 8. AL
2:30 | CiHe on
2:41 | IIles 120 3 5 | .13 + | 8. A. marked
2:46 | III, 120 4 48 [ 14 + |8 A;V.Ex,
2:50 | IIIy 110 6* 45 | .13 + [§ AV Ex
2-50 5| Amytal, 1 mgm per|
kgm., mtraven-
ously
2:53 | IIT, 100 T 42 | .12 + | Reguiar
2:67 | I, 110 8* 60 | .12 + [8.A
318 | IIL, 120 9 60 | .13 + [8 A.
328 | IIL 100 | 10* 42 - Y. Ex.
3°29 | Amytal, 15 mgm
per kgm , intra-
venously
331 | 1IN, 120 | 11* 50 | .12 + | Regular
337 | IIL, 120 | 12 60 1 + | Regular
3.45 | 11X, 15 | 18 65 n + Regular
3:50 | ITYay 120 | 14* 50 | .1t + | Regular
351 | Amytal, 75 mgm
per kgm , intra-
venously
100 | INI, 125 | 15 4o | .11 + | Regular
4.03 | IIL, 125 | 16 15 1 .1 + | Regular
4:15 | I, 130 | 19* 95 1 + |8 Al
4:24 | II1, 125 | 20¢ 70 1 + | Regular
4:25 | Atropne, 3 mgm
per hgm , ntra-
venously
I, 145 | 21* | 210 1 + | Regular
v 150 -
I 160 -
442 | IV 10 | 22% | 210 + | Regular

* See figure 45 for electrocardiographic record See figure 44 for blood press<ure

records

140
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i 1 respiration during
Fiq. 46. Dxperiment 21, Record of blaod pressure an v
eyelopropane anesthesia, See table 42 and figure 47 for further data on this ex-
periment. {Robbins and Bavter: J. Pharnacol. & Exper. Therap , 68, 85, 1940)

Mikdaafailnin il

ANRAAM At

Fia, 47 Electroeardiographic recards from expeniment 2. See table 42 and
figure 40 (Robbins and Bavter J Pharmacol & Exper. Therap , 68, 85, 1040)

the pertod of anesthesia 1s that of the blood flow to various areas
of the body. Numerous studies have been made upon the altera-
tion w bload flow to different areas of the body, that is, from the
mesentery of the intestinal traet to the duration of blood fow
from a small stah wound on the skin tothe alteration in the blood
flow through the hand or through the arm, through the foot or
through the muscles of the calf.

The simplest of these methods, particularly from the technic
of careying out the obeervations, is the determination of the
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TasLE 42*

The effect of cyclopropane anesthesia upon the heart rate, rhythm, and blood pressure
in a dog premedicated wuth amytal

Expeniment 21. Dog, 11.4 kgm., 5"—3/29/39

Blood EKG. Amalysis
Time Procedure or Stage Pres-
sure [Number| Rate | P-R T Rhythm

0:14 Control 135 ] 14| so) .10) + |8 A
9:16-18 | Amytal, 10 mgm

per kgm,, intra.

venously
9:29 142 | 4t 150 10 + [ 8. A,
9:30 CiHs on
9:31 C;Hs on 170 5 270 07 + | Few V. Ex
2:31 CsHs on 160 6 300 | .07 -+ | Regular
9:44 111, 125 7t | 120 | .12 | 4 | Regular
9:49 I, 125 { 8 | 140 | .10 | + | Regular
9:50 111, 1251 9 | 200 .09 | + | Regular
0°55 I, 130 { 10t | 190 | .10 + t Regular
10:02 v 10 | 11¢ | 120 | .10 + [ Regular
10:04 w 105 { 12 | 160 | .10 | + [ Regular
10.05 v 10 { 13 180 { .10 [ + [ Regular
10:11 w 9 { 14t | 210 | .09 | + | Regular
10:14 18y 80 { 15 [ 170 { .10 + | Regular
10:14 5 | CsHy off Artificial

respiration, air
10.15 1l 170 [ 16t | 220 { .10 +
10:16 ut 105 | 174 | 200 | .09 [ + [ Regular

* Robbins and Baxter J Pharmacol and Exper Therap , 68, 85, 1940 (277).
t 8ee figure 47 for electrocardiographic records. See figure 46 for blood pres-
sure records

Data from an experiment in which amytal was given as a pre-
anesthetic agent are given m table 42 and fizures 46 and 47.
Note the difference between these data and those obtained from
the dog after morphine premedication

EFFECT OF CYCLOPROPANE UPON BLOOD FLOW IN CUTANEOUS
AND DEEP BLOOD VESSELS

Another funetion of the cardiovasecular system, primarily that
in relation to the vessels, that can be studied before and during
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studies on dogs using ether, eyclopropane, and pentothal as the
anesthetic agents and the effect of the varying degrees of hemor-
rhage upon the alteration in blood flow through the smaller ar-
terioles and capillaries as observed during microscopic visualiza-
tion of the peripheral vessels. They conclude that during ether
anesthesia and hemorrhage there is a greater deviation of ;the
vascular control from the normal than there is with pentothal
and that under cyclopropane anesthesia they observed no unde-
sirable hemodynamic effects. They contrasted their observations
in dogs with those in patients under similar anesthetic technics
and during hemorrhage and feel that there is a satisfactory corre-
lation between the harmful effect of ether upon the dog in shock
as well as man in shock, and that the relative lack of undesirable
effects of cyclopropane in the human subject in shock is similar
to that in the dog where no undesirable effects were observed.
Hershey and Zweifach (149) in a subsequent study on peripheral
vascular hemostasis in relation to anesthetic agents report their
observation on thirty dogs i which ten dogs were used under
each of the three anesthetic agents—cyclopropane, ether, and
pentothal. They maintained their animals in the first plane of
surgical anesthesia, and during this anesthesia they opened the
abdomen and observed the vascular bed in the omentum and
produced shock or marked blood loss in the dogs by first removing
two per cent of their body weight of blood and at fifteen to twenty-
minute intervals thereafter removing two-tenths to five-tenths
per cent of their body weight of blood until the arterioles contained
no further blood. With continuous microscopic observation of
the vascular bed they were able to note the reaction of the differ-
ent vessels, the arterioles, the veins and venules to the effect of
blood loss and to compare these observations under the different
anesthetic agents. They conclude that on the specific vasomotor
mechanisms concerned, cyclopropane exerted little influence;
pentothal had an intermediate effect, and ether a drastic, unfavor-
able effect.

In a more recent paper, Hershey and his associates (151) have
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bleeding from the cut skin and subeutancous tissues during anes-
thesia. This technic involves a small wound on the skin imme-
diately above the nail bed of the finger, the application of a venous
occlusion cuff inflated to a pressure of 40 mm. of mercury on the
forearm, the collection of blood from the small skin puncture on
filter paper at fifteen-second intervals, and measuring the area of
the blood wetting upon the filter paper and determining the total
aren that is obtained in the given unit of time.

Cutaneous. McLoughlin (206) in 1954 reported the results of
his study on the effect of cyclopropane on increasing cutaneous
bleeding as compared to that of ether during light and deep anes-
thesia, and alse during spontaneous and supplemental respiration
in the deeper planes of cyclopropane anesthesia. These studies
were carried out upon man, and each subject was his own control.
Considering the amount of blood Joss during the control period
as one, during ether anesthesia two and six-tenths times as much
blood was lost, whereas during cyclopropane anesthesia in lighter
planes four times as much blood was lost as during the control
period. MeLoughlin observed that during the third and fourth
plane of anesthesia with cyclopropane the blood loss was very
large in comparison to the control or to that during plane 1 of
surgical anesthesin, He gave several subjects supplemental
breathing during the deep anesthesia, and this technique reduced
the amount of blood loss; he felt that carbon dioxide accumulation
was the cause of this increased blood loss during the period of
the inadequate respiration in stage III, planes 3 and 4, of ¢yclo-
propane and suggested in his paper that supplemental respiration
would prevent this cutaneous blood loss.

Mesentery. Hershey and his associates have reported numerous
studies on the cffect of anesthetics on the size of the arteriolar
and capillary bed n the mesentery as well as the blood flow
through these areas as determined by visual observation and
photography. In 1945, Hershey and his associates (150) published
a paper on the peripheral circulatory reactions as the basis of
evaluating anesthetic agents In this paper are reported their
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anesthesia. By comparison then, it required two to three minutes
for a reversion of the depressant effects of deep eyclopropane
anesthesia, approsimately twenty minutes for that of deep ether
anesthesia, and with pentothal the reversion occurred in about
twenty-five minutes after the cessation of its administration.
These observations definitely show that the depth of anesthesia
i a factor in the alterations of the peripheral vasomotor function.

In the study by Bennett, Bassett, and Beecher (19) on the
influence of ether, cyclopropane, or sodium evipal anesthesia
upon the circulation under normal and shock conditions, in which
they measured the blood flow in various portions of the vascular
bed and determined the effect upon repeated deepening and light-
ening of the anesthetic during the experimental study, it was
observed that with repeated cyclopropane there were no unde-
sirable effects upon the circulatory mechanism, and that during
the study in the shocked animal deepening the cyclopropane -
anesthesia did produce a reduction in blood pressure. However,
this decrease was soon returned to normal on lightening the anes-
thetic so that in the shocked animal even cyclopropane had no
prolonged undesirable effect on the circulatory system.

Foot, calf, and hand. Lynn and Shackman (192) have reported
studies on the peripheral circulation during general anesthesia
and surgery in which they measured the relative blood flow in
the foot, calf, and hand. These studies were done under cyclo-
propane anesthesia, but the patients were first put to sleep with
a small amount of thiopental sodium. Early during the cyclo-
propane anesthesia and the surgical procedures, the increase in
blood flow through both the calf and the foot was approximately
three to three and one-half times the control, whereas as the opera-
tive procedure persisted and the duration of anesthesia increased,
there was a return to the normal or preoperative blood flow
thrm.xgh both the foot and the calf. These were the average results
ol‘)tamed on ﬁ(tegn cases undergoing major abdominal surgery.
They feel that this early peripheral vasodilatation is a result of
the anesthetic upon the vasomotor center and that the final re-
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reported on the effects of the depth of anesthesia on behavior of
peripheral vascular bed. Using their same technique of microscopic
observation of the vascular bed of the omentum and running
blood pressure records on the dogs, they studied the effects of
light, moderate, and deep anesthesia on the vascular bed during
cyclopropane anesthesia, pentothal anesthesia, and ether anes-
thesia. With eyclopropane they observed satisfactory vasomotor
responses during light and moderate anesthesia; but when the
depth was increased to third or fourth plane anesthesia, the re-
sponses were not as active as the controls. They shifted from the
light to deep anesthesia repeatedly, and observed that there was
a return from the undesirable effect of deep anesthesia to the sat-
isfactory results upon lightening the anesthesia and that the
recovery was as rapid after repeated changes as it was after the
first observation. Light pentothal narcosis failed to interfere to
any extent with the activities of the peripheral vascular mech-
anism. During deep pentothal anesthesia there was a depression
of the different peripheral circulatory end points, that is, vaso-
motion, capillary venous outflow, and arterial tone were depressed.
An average total dose of 25 mgm. per kilo in the dog produced
very marked depression of the peripheral circulatory mechanism
and a fall in systolic blood pressure from 120 mm. to 65 mm. of
mercury. There was complete suppression of the vasomotion,
venous return was sluggish, and there was a general arteriolar
dilatation. The return to a satisfactory vasomotor response after
the cessation of the administration of the pentothal required
approximately twenty-five minutes. With light surgical anesthesia
with ether, there were no undesirable peripheral circulatory ef-
fects. As the anesthetic was deepened with ether, there was a
suppression or disappearance of vasomotion and the eirculation
through the capillary bed was slow; arteriolar dilatation was
marked and the systolic blood pressure fell to 90 mm. of mercury-.
After the ether anesthesia was lightened, there was a period of
approximately twenty minutes before there was a reversion of
the vasomotor functions to the level that was present under light
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anesthesia. By comparison then, it required two to three minutes
for o reversion of the depressant effects of deep cyclopropane
anesthesia, approximately twenty minutes for that of deep cther
anesthesia, and with pentothal the reversion occurred in ab.om,
twenty-five minutes after the cessation of its administration.
These observations definitely show that the depth of anesthesia
is a factor in the alterations of the peripheral vasomotor function.
In the study by Bennett, Bassett, and Beccher (19) on the
influence of ether, cyclopropane, or sodium evipal anesthesia
upon the circulation under normal and shock conditions, in which
they measured the blood flow in various portions of the vascular
bed and determined the effect upon repeated deepening and light-
ening of the anesthetic during the experimental study, it was
observed that with repeated cyclopropane there were no unde-
sirable effects upon the circulatory mechanism, and that during
the study in the shocked animal deepening the cyclopropane .
anesthesia did produce a reduction in blood pressure. However,
this decrease was soon returned to normal on lightening the anes-
thetic so that in the shocked animal even cyclopropane had no
prolonged undesirable effect on the circulatory system.
Foot, calf, and hand. Lynn and Shackman (192) have reported
studies on the peripheral circulation during general anesthesia
and surgery in which they measured the relative blood flow in
the foot, calf, and hand. These studies were done under cyclo-
propane anesthesia, but the patients were first put to sleep with
a small amount of thiopental sodium. Early during the eyclo-
propane anesthesia and the surgical procedures, the increase in
blood flow through both the_e calf and the foot was approximately
t!lrce to three and o_ne-half times the control, whereas as the opera-
t(l]:: profedure ptcrsxst?d a{xd the duration of ancstl.mia inereased,
thr](;r:lg‘l‘lal?oal i;ieu;;:)ﬁ Zn:iltel nor;?al e reopetative bloo] flo
ohtained on fiteos C‘;q lc]cn - These were the average realts
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duction in blood flow through the extremities is due to a vaso-
constriction at the end of the surgical procedure as a result of the
attempt of the body to readjust circulatory function in order to
maintain a relatively normal blood pressure.

Kitchen and his associates (169) made an attempt to determine
the mechanism by which alteration in the blood flow to the fore-
arm was altered during anesthesia. These studies were made on

[T

RELATIVE
TIDAL
VOLUME

o o]

~

NORMAL

FOREARM BLOOD FLOW
ML/ 100ML { MIN

INDUCTION

lo) 4
MINUTES 15 30 45
Fi16. 48 The vasodilator action of light, anesthesia on the normal arm and the
absence of any change m blood flow 1n the nerve blocked forearm (Kutchen efal .
Clin Sc, 12, 361, 1933)
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seven human subjects, and the method of studying the blood flow
was by the occlusion plethysmograph technic. In each subject
the median, radial, and ulnar nerves were blocked at the elbow
on one side and the other arm left with normal innervation. Thus
each subject provided his own control. In the preanesthetic study,
the normal flow was 3.65 cc. per 100 ce. of tissue, whereas in the
arm that had the nerve block the preanesthetic flow was 9.6 cc.
During light surgical anesthesia with cyclopropane on the normal
side the flow was 6.6 cc. or approximately twice the control level,
and on the side with the nerves blocked the flow was 9.66 ce.
which is identical to preanesthetic reading. As they produced
very deep anesthesia in these subjects, the blood flow was reduced
1n the normal arm to 2.6 cc. and in the arm with the nerve blocked

to 3.85 cc. Results of their studies on the subject are shown in
figure 48.

S8UMMARY

Changes in the heart as shown by electrocardiographic records
are rarely observed in non-premedicated dogs until respiration is
80 depressed that anoxemia is severe.

Under artificial respiration, the blood cyclopropane can be in-
creased some 30 per cent over that necessary to produce respira-
tory arrest without electrocardiographic changes.

The irritability of the automatic tissues of the heart is increased
by cyclopropane anesthesia.

Dogs anesthetized with cyclopropane after premedication with
morphine show the same types of electroeardiographic changes
as those most frequently observed in man under cyclopropane
anesthesia after morphine and atropine or scopolamine premedi-
cation.

Dogs anesthetized with cyclopropane after premedication with
barbiturates do not show electrocardiographic changes until long
after respiratory arrest.

’I‘.he spontaneous arrhythmia regularly observed in the eat
during cyclopropane anesthesia is not dependent upon an intact
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duction in blood flow through the extremities is due to a vaso-
constriction at the end of the surgieal procedure as a result of the
attempt of the body to readjust circulatory function in order to
maintain a relatively normal blood pressure.

Kitchen and his associates (169) made an attempt to determine
the mechanism by which alteration in the blood flow to the fore-
arm was altered during anesthesia. These studies were made on
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Fia 48 The vasodilator action of hight anesthesia on the normal arm and the
absence of any change 1n blood flow 1n the nerve blocked forcarm (Kitchen ef al.’
Clin Sc, 12, 361, 1953)
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The Effects of Cyclopropane Anesthesia
Upon the Respiratory System

Cyclopropane, in contrast to ether and the other volatile anes-
thetics, has very little irritant action upon the mucosa of the
respiratory tract, and for this reason the patient has no reflex
protective mechanism against the inhalation of excessively high
concentrations as he has against ether. Waters and Schmidt (341)
and Romberger (283) state that concentrations up to about 50
per cent are without irritant action.

Robbins (271) reported that the irritant action of cyclopropane
was much less than that of ether or chloroform as estimated by
changes in the amount of salivary secretion in dogs during induec-
tion of and recovery from anesthesia by these agents; N0 and
ethylene failed to increase salivary secretion during induction or
recovery. He showed that salivary secretion (parotid gland) was
abohshed during surgical anesthesia produced by ether, chloro-
form, nitrous oxide, ethylene, cyclopropane and barbiturates, but
that during induction and recovery with ether and CHCI; the
secretion was about five times the normal, with C;H, the increase
was about two and one-half times the normal.

The secretion of other glands in the oral and respiratory mucosa
is not abolished during anesthesia because Waters (339) and

others (201) comment upon mucus accumulating in the trachea
and bronchi during anesthesia,

EFFECT OF CYCLOPROPANE UPOX THE RATE AND
AMPLITUDE OF RESPIRATION
Due to the relative lack of irritation with eyclopropane and
the abundant supply of oxygen in the anesthetic mixture, the
151
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sympathetic innervation to the heart, and the arrhythmia may be
returned to a regular rhythm by an intravenous injection of a
barbiturate (amytal).

The spontaneous arrhythmias frequently observed in man
during cyclopropane anesthesia may be terminated by active sup-
plementation of the respiratory exchange, by dilution of the
anesthetic with oxygen, or by the intravenous injection of a bar-
biturate (secobarbital).

The cardiac output in non-premedicated dogs is increased in
stage I1I,.; with cyclopropane but decreased in stage 11T, .

The cardiac output in man is decreased during cyclopropane
anesthesia, and the change is parallel to the change in heart rate
according to most observers.

The heart rate is increased in non-premedicated dogs under
cyclopropane anesthesia; in morphine premedication the rate is
decreased as it is in man; in barbiturate premedication the rate
is higher than normal.

Cyclopropane anesthesia produces a rise in blood pressure in
dogs without premedication, a fall after morphine, and no change
after barbiturates; in man, various reports give a rise; others, 2
fall.
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The Effects of Cyclopropane Anesthesia
Upon the Respiratory Sysiem

Cyclopropane, in contrast to ether and the other volatile anes-
thetics, has very little irritant action upon the mucosa of the
respiratory tract, and for this reason the patient has no reflex
protective mechanism against the inhalation of excessively high
concentrations as he has against ether. Waters and Schmidt (341)
and Romberger (283) state that concentrations up to about 50
per cent are without irritant action.

Robbins (271) reported that the irritant action of cyclopropane
was much less than that of ether or chloroform as estimated by
changes in the amount of salivary secretion in dogs during indue-
tion of and recovery from anesthesia by these agents; N,O and
ethylene failed to increase salivary secretion during induction or
recovery. He showed that salivary secretion (parotid gland) was
abolished during surgical anesthesia produced by ether, chloro-
form, nitrous oxide, ethylene, eyclopropane and barbiturates, but
that during induction and recovery with ether and CHCI; the
secretion was about five times the normal, with C;H, the increase
was about two and one-half times the normal.

The secretion of other glands in the oral and respiratory mucosa
is not abolished during anesthesia because Waters (339) and

others (201) comment upon mucus accumulating in the trachea
and bronchi during anesthesia.

EFFECT OF CYCLOPROPANE UPON THE RATE AND
AMPLITUDE OF RESPIRATION
Due to the relative lack of irritation with cyclopropane and
the abundant supply of oxygen in the anesthetic mixture, the
151
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sympathetic innervation to the heart, and the arrhythmia may be
returned to a regular rhythm by an intravenous injection of a
barbiturate (amytal).

The spontaneous arrhythmias frequently observed in man
during eyclopropane anesthesia may be terminated by active sup-
plementation of the respiratory exchange, by dilution of the
anesthetic with oxygen, or by the intravenous injection of a bar-
biturate {(secobarbital).

The cardiac output in non-premedicated dogs is increased in
stage 1II,; with cyclopropane but decreased in stage 11T,

The cardiac output in man is decreased during cyclopropane
anesthesia, and the change is parallel to the change in heart rate
according to most observers.

The heart rate is increased in non-premedicated dogs under
cyclopropane anesthesia; in morphine premedication the rate is
decreased as it 1s in man, in barbiturate premedication the rate
is higher than normal.

Cyclopropane anesthesia produces a rise in blood pressure in
dogs without premedication, a fall after morphine, and no change
after barbiturates; in man, various reports give a rise; others, a
fall.
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The Effects of Cyclopropane Anesthesia
Upon the Respiratory System

Cyclopropane, in contrast to cther and the other volatile anes-
thetics, has very little irritant action upon the mucosa of the
respiratory tract, and for this reason the patient has no reflex
protective mechanism against the inhalation of excessively high
concentrations as he has against ether. Waters and Schmidt (341)
and Romberger (283) state that concentrations up to about 50
per cent are without irritant action.

Robbins (271) reported that the irritant action of cyclopropane
was much less than that of ether or chloroform as estimated by
changes in the amount of salivary secretion in dogs during induc-
tion of and recovery from anesthesia by these agents; N0 and
ethylene failed to increase salivary sceretion during induction or
recovery. He showed that salivary secretion (parotid gland) was
aholished during surgical anesthesia produced by ether, chloro-
form, nitrous oxide, ethylene, cyclopropane and harbiturates, but
that during induction and recovery with ether and CHCI, the
secretion was about five times the normal, with C;H, the increase
was about two and one-half times the normal.

. The secretion of other glands in the oral and respiratory mucosa
is not abolished during anesthesia because Waters (339) and

others (201) eomment upon muecus accumulating in the trachea
and bronehi during anesthesia.

EFFECT OF CYCLOPROPANE UPON THE RATE AND
AMPLITUDE OF RESPIRATION
Due to the relative lack of irritation with cyclopropane and

the abundant supply of oxygen in the anesthetic mixture, the
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increase in rate and amplitude of respiration as observed with
ether, ethylene, and N0 due to irritation and oxygen lack is not
present in patients anesthetized with cyclopropane and ovygen.

In Cat and Dog

In the early reports by Henderson and Lucas (146), the rate,
volume, and minute volume of respiration were recorded on cats
and dogs after anesthesia had been induced; it was found that as
the concentration of cyclopropane was increased, the minute vol-
ume decreased markedly, while the rate increased. Figure 49 is
from Henderson and Lucas (147) and shows the effect of cyclo-
propane on respiration and blood pressure. The tidal exchange
was cut more than one-half. Results from two of their experiments
are given in table 43.

The cat seems to be particularly susceptible to respiratory de-
pression with cyclopropane.

Data from our own work on trained dogs, in which the rate,
volume, and minute volume were determined by use of a Sand-
born Graphic Metabolimeter in the control state and during dif-
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F1a. 49 Effect of increasing concentrations of cyelopropane upon the rate,
t1dal volume, minute volume of respiration and upon the blood precsure in the
cat (Henderson and Lucas Arch internat de pharmacodyn. et de thérap., 37,
157, 1930)
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TanLe 43°
Changes in the respiratery minulte volume in animals under cyclopropane
Cyclopropane Rate Volume Minute Volume
per cent « .
12 15 G0 000
19 18 38 631
Cat 27 3 16 528
32 51 & 321
21 130 50 6500
13 62 55 3210
Dog 12 6 65 1200
31 130 30 3900

¥ Henderson and Lucas: Anesth. and Analg., 9, 1, 1930 (14G).

ferent levels of anesthesia produced by eyclopropane, show that
as a rule there was little change in the minute volume as the con-
centration of cyclopropane was increased, but that the tidal
volume decreased, whereas the rate increased sufficiently to keep
the minute volume near the control. Data from two experiments
are presented in table 44.

In these two and fourteen other trained dogs, the amplitude of
respiration (tidal air) was reduced markedly as the fourth plane
of stage 1IT anesthesia was reached.

TABLE 44
Effect of cyclopropane anesthesia upon the rate and minute volume of respiration
Dog mam pe e oo Rate Volume Mioute Volume
2 Control 16 200 3200
11.5 14 200 2800
18.5 27 125 3375
208 32 120 3840
16 Control 31 130 4420
165 21 160 3360
19.5 25 110 2750
26.2 25 120 3000
_ ]




154 CYCLOPROPANE ANESTHESIA

The rate of respiration in thirteen other dogs was found to be
31 per minute in the control, 47 per minute in stage III., 53 per
minute in stage 111, and 44 per minute in stage III,.

In Monkeys

Shackell and Blumenthal (299) found a decrease in the rate of
respiration in monkeys under cyclopropane anesthesia, and the
decrease was more marked in the deeper planes as it js in man.

The evidence, both clinical and from the laboratory, shows that
the respiration is not greatly altered by eyclopropane until the
deeper planes of stage III are reached, and then the minute vol-
ume is decreased. The changes in respiratory rate of monkeys
parallel the changes in man more closely than dogs and cats.

Tissue oxygenation, as indicated by studics of arterial and ve-
nous blood oxygen content, is adequate until the level of stage
III, or respiratory arrest is reached.

In Man

Waters and Schmidt (341) have reported that there is no stim-
ulation of respiration during induction or in the lighter planes of
surgical anesthesia with cyclopropane. During the deeper planes
there is a gradual diminution in the rate but a more marked re-
duction in the respiratory minute volume. There is no increase in
rate with cyclopropane as there is with ether just prior to the
development of respiratory arrest.

Waters (339) and Bourne (35) have reported that both the
arterial oxygen and venous oxygen rise during anesthesia in man,
with little or no change in the carbon dioxide content until re-
spiratory depression is severe,

Stormont, Hathaway, Shideman, and Seevers (314) were the
first to make studies upon the effect of cyclopropane anesthesia
on the acid-base balance in man. They made careful studies on
seventeen patients before and during anesthesia in relation to
carbon dioxide tension of the alveoli, hydrogen ion concentration
in the blood, the bicarbonate in the blood, and the effect of these
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things upon the blood pressure. In their subjects, an oro-trxfchf:al
airway with a cuff was used and the to- and fro-carhon dlox}de
absorption technic was employed to remove the carben dioxide
from the expired air. The hydrogen ion content was increased in
all subjects except one. The increase in hydrogen ion concentra-
tion varied from a change in the pI of 0.05 to 0.35 as a maximum.
The change in carbon dioxide content varied from a decrease of
1 millimol per liter to an increase of 5.2 millimols per liter, with
all but two cases showing an increase in the earbon dioxide con-
tent. The earbon dioxide tension was inercased and a2 maximum
change of 42.7 mm. of mercury was observed. The bicarbonates
of the serum increased, the maximum being 4.2 millimols per
liter. The arterial oxygen content on sixteen of these patients
was determined, and fourteen of them showed an increase, the
maximum increase being 2.2 volumes per cent. These observations
substantiate those of Fay, Andersch, and Kenyon (99) and Rob-
bins and Baxter (275) on dags. They also determined the concen-
tration of cyclopropane in the blood during these different experi-
ments and found that this range was from 10 to 21 mgm. per 100
cc. in the thirteen patients in which it was determined. These
values were obtained in patients during stage III, plane 1 to 3,
surgical anesthesia and agree quite closely with those data ob-
tained by Robbins, Baxter, and Fitzhugh (278) during the second
and third plane of anesthesia in dogs. They found that the deeper
the anesthesia the higher the level of carbon dioxide, and they
felt as a result of this that in general there was a higher degree
of acid-base displacement in those patients that had a higher
concentration of the anesthetic agent. They observed, in a single
patient, that by giving supplemental respiration relatively normal
acid-base valufes could be maintained. Also, in thirteen patients
there was an increase in the blood pressure of 25 mm. systolic
zm_d 17 mm. diastohic. They suggested in their summary that this
shift m_the agid-base value could he corrected by one of two
mechanisms, either by eliminating the dead space in the mask
and canister or by controlling artificially the rate and depth of
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The rate of respiration in thirtcen other dogs was found to be
31 per minute in the control, 47 per minute in stage IITs, 53 per
minute in stage 111, and 44 per minute in stage 11T,

In Monkeys

Shackell and Blumenthal (299) found a decrease in the rate of
respiration in monkeys under cyclopropane anesthesia, and the
decrease was more marked in the deeper planes as it is in man.

The evidence, both clinical and from the laboratory, shows that
the respiration is not greatly altered by cyclopropane until the
deeper planes of stage ITI are reached, and then the minute vol-
ume is decreased. The changes in respiratory rate of monkeys
parallel the changes in man more closely than dogs and cats.

Tissue oxygenation, as indicated by studies of arterial and ve-
nous blood oxygen content, is adequate until the level of stage
IIT, or respiratory arrest is reached.

In Man

Waters and Schmidt (341) have reported that there is no stim-
ulation of respiration during induction or in the lighter planes of
surgical anesthesia with eyclopropane. During the decper planes
there is a gradual diminution in the rate but a more marked re-
duction in the respiratory minute volume. There is no increase it
rate with cyclopropane as there is with ether just prior to the
development of respiratory arrest.

Waters (339) and Bourne (35) have reported that both the
arterial oxygen and venous oxygen rise during anesthesia in man,
with little or no change in the carbon dioxide content until re-
spiratory depression is severe.

Stormont, Hathaway, Shideman, and Seevers (314) were the
first to make studies upon the effect of cyclopropane anesthesia
on the acid-base balance in man. They made careful studies on
seventeen patients before and during anesthesia in relation to
carbon dioxide tension of the alveoli, hydrogen ion concentration
in the blood, the bicarbonate mn the blood, and the effect of these
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Fic 50 Effect u( ey clopropane on pH and pCO; of urterm\ bleod, on blood
pressure, respiratory rate, and tidal air. The patient was o 23-year.old female,
weighing 170 pounds; given morphine sulfate 10 mgm. and atropine sulfate 04
mgm at 8 45 ADM (Dnpps: Anesthesiology, 8, 15, 1947)

and the data on eleven patients in relation to changes of the
blood pressure, the hydrogen ion concentration, and pCO: are
given in table 45. It can readily be seen from figure 50 that there
is an mncrease in the hydrogen ion concentration as the concentra-
tion of eyelopropane is increased during the anesthetic procedure,
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respiration, thus preventing the general 1espiratory acidosis which
oceurs under cyclopropane-oxygen anesthesia, particularly in the
decper planes of anesthesia.

In 1947, Dripps (89) reported the results of his studies on the
immediate decrease in blood pressure scen at the conclusion of
cyclopropane anesthesia: “cyclopropane shock”. This fall in blood
pressure following the termination of cyclopropane anesthesia l}ad
been described clinically by others, but a satisfactory explanation
of its etiology or cause had not been reported, so Dripps put two
sets of data together and decided to make the study. The first
set of observations used was the work by Stormont and his asso-
clates (314) who found that there were a marked respiratory aci-
dosis during cyclopropane anesthesia and a simultaneous increase
in both the systolic and diastolic pressure during cyclopropane
anesthesia. The second set of experiments that came to Dripps’
mind was the study by Goldstein and Dubois (111) who stated
that at the sudden cessation of rebreathing there was a prompt
decrease in blood pressure level. Comroe and Dripps (68) repeated
work similar to Goldstein and Dubois and had a group of normal
subjects breathe mixtures of air containing 7.8 or 10.4 per cent
carbon dioxide With both mixtures there was an increase in the
systohe blood pressure of approximately 30 mm. and in the
diastolic pressure of approximately 20 mm. after eight and four
minutes on the different concentrations. These concentrations of
7.8 and 10.4 per cent carbon dioxide in oxygen that were used
by Dripps have been observed in the alveolar air in many sub-
jeets during cyclopropane anesthesia. In this study by Dripps,
observations were made on patients in the controlled or awakened
state, during the period of surgical anesthesia with eyclopropane,
and for several minutes after the termination of the anesthetic
and the operative procedure. Also obtained were the concentration
of cyclopropane in the arterial blood, the pH of the arterial blood,
carbon dioxide tension in the arterial blood, blood pressure, both
systolic and diastolic, respiratory rate, and the tidal air. The
typical results of the study on the patient are shown in figure 50,
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15 to 8.4 mgm. or approximately 40 per cent. The tidal exchange
was increased from 330 to 545 cc., an increase of approximately
60 per cent; the minute volume increase from 5.8 to 10.3 liters or
approximately 95 per cent; and the pCO: of the arterial blood
fell from 74 to 55 mm. of mercury on the way down to the con-
trol or normal level of 38 to 42 mm. of mercury. It is during this
rapid shift of the pCO. that therc is a fall in blood pressure at
the termination of eyclopropane anesthesia, and this fall must be
related in part to the artificially maintained high blood pressure
as a result of increased CO. during cyclopropane anesthesia, as a
result of diminution of tidal exchange and minute volume, and
due to the rapid blowing off of carbon dioxide as a result of an
increase of tidal air and minute volume immediately following
the discontinuing of the administration of cyclopropane. Dripps
feels, as a result of the depressant action of eyclopropane upon
the respiratory mechanism in the human subject, that certain
changes or particular points should be noted in relation to the
preanesthetic medication and the maintenance of anesthesia with
eyclopropane. First, he feels that morphine, a powerful respiratory
depressant in its own action, should be reduced to a very small
amount if employed. Second, that the events leading up to the
posteyclopropane hypotension are the responsibility and fault of
the anesthetist and not of the anesthetic—that is, the respiratory
acidosis that ensues following unassisted respiration could be and
should be prevented by adequate supplementation or control of
respiration. Third, that during the later portion of the anesthesia,
cyclopropane should be discontinued and nitrous oxide-oxygen
introduced as the anesthetic agent during the final ten to fifteen
minutes of 2 prolonged procedure. He feels that postoperative
hypotension should be prevented through the maintenance of an
a_dequate respiratory exchange during the anesthetie and opera-
tive procedure.
Bunker and his associates (45), in a continuation study of the
metabolic effects of anesth(?sia in man and in dogs during ether
and cyclopropane anesthesia, have made some very interesting
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TABLE 45*
Effect of cyclopropane on pII and carbon diozide tension (pCO;)
of arterial blood, and on arterial blood pressure

Data hsted under “Mask On”’ were obtained three to five minutes before con-
clusion of anesthesia. The colum ““Time”’ refers to the number of minutes elapsing
between cessation of the closed system method of a demonstration and the collec-
tion of the blood sample. B.P. refers to the blood pressure at the time of the ar-
terial puncture,

Mask On Mask Off

Patient Normal B P,

oMty { ot { pco:{ BP | BP {pcos{ pH | Time

mg o mm Mg mm He min
wr 128/62 6.99 [ 120 [200/80 [100/60} 73 |7.12| 16
EM 120/78 18 7 04| 116 [170/116) 90/52] 76 |7.18 | 13
EF. 100/60 20 7 11| 88 (122/62 | 60/30; 53 | 7.27 7
ES 140/90 7.10 | 84 [140/90 | 62/40] 48 |7.24| 14
L 116/80 17.5 | 712 | 80 (120/80 | 84/62] 5¢ |[7.20 | 10
B.W. 125/78 192|7.16 | 76 |140/80 | 80/55 12
RB 100/65 1811720 64 (140/96 (112/80] 5¢ |7.28 7 17
LB 124/84 1.7 [ 7.22 [ 56 |160/98 |122/82) 44 [7.32| 14
RYP 115/65 729 55 |112/70 | 87/60 45 |735( 3
S.B 110/70 7382 48 (102/70 {100/70, 42 | 7.38 7
E M. 110/80 55737 42 [120/88 |130/90] 42 |7 38 4

* After Dripps  Anesthesiology, 8, 15, 1047 (89).

that there is a simultaneous increase in the carbon dioxide tension
of the arterial blood which parallels the rise in the blood pressure,
there is an increase also in the respiratory rate, but a marked
diminution in the tidal exchange during cyclopropane anesthesia.
The rapidity with which there is a return to normal carbon dioxide
tension in the blood and changes in the tidal air and minute ven-
tilation following the termination of eyclopropane anesthesia can
be noted in these data taken from a table of Dripps showing the
decrease of eyclopropane, the increase in tidal exchange, the in-
crease in minute volume and the decrease in the tension of the
carbon dioxide in the arterial blood after the termination of the
cyclopropane anesthesia has been made. In six subjects, these
changes occurred 1n an average of seven minutes following the
termination of the anesthetic. The cyclopropane was reduced from
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15 to §.4 mgm. or approximately 40 per cent. The tidal exchange
was inereascd from 330 to 545 cc., an inerease of approximately
60 per cent; the minute volume inerease from 5.8 to 10.3_ liters or
approximately 95 per cent; and the pCO: of the arterial blood
fell from 74 to 55 mm. of mercury on the way down to the con-
trol or normal level of 38 to 42 mm. of mercury. It is during this
rapid shift of the pCO. that there is a fall in blood pressure at
the termination of cyclopropane anesthesia, and this fall must be
related in part to the artificially maintained high blood pressure
as a result of increased CO, during cyclopropane anesthesia, as a
result of diminution of tidal exchange and minute volume, and
due to the rapid blowing off of carbon dioxide as a result of an
increase of tidal air and minute volume immediately following
the discontinuing of the administration of cyclopropane. Dripps
feels, as a result of the depressant action of cyclopropane upon
the respiratory mechanism in the human subject, that certain
changes or particular points should be noted in relation to the
preanesthetic medication and the maintenance of anesthesia with
cyclopropane. First, he feels that morphine, a powerful respiratory
depressant in its own action, should be reduced to a very small
amount, if employed. Second, that the events leading up to the
posteyclopropane hypotension are the responsibility and fault of
the anesthetist and not, of the anesthetic—that is, the respiratory
acidosis that ensues following unassisted respiration could be and
should be prevented by adequate supplementation or control of
respiration. Third, that during the later portion of the anesthesia,
cyclopropane should be discontinued and nitrous oxide-oxygen
introduced as the anesthetic agent during the final ten to fifteen
minutes of a prolonged procedure. He feels that postoperative
hypotension should be prevented through the maintenance of an
a_dequate respiratory exchange during the anesthetic and opera-
tive procedure.

Bunkgr and his associates (45), in a continuation study of the
metabolic effects of anesthesia in man and in dogs during ether
and eyclopropane anesthesia, have made some very interesting
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and careful observations on the changes or the constancy of the
various values including the pH, serum carbon dioxide, hemoglo-
bin, earbon dioxide tension, serum bicarbonate, and fixed acids.
They found an increase in fixed acids of 1.8 millimols per liter
which is not significant. There was an increase in the carbon
dioxide tension of 8 mm. of mercury, indicating a slight respira-
tory acidosis which he maintains can be corrected by adequately
controlled respiration or adequate assistance to the respiration.
Likewise, in the series of dogs they studied, there was no signifi-
cant alteration in the fied acids, but there was an increase in
carbon dioxide tension from 34.8 to 41.7 mm. of mercury.

In 1933, Buekley and his associates (43) reported their study
on the postanesthetic hypotension following cyclopropane anes-
thesia and its relation to hypercapnia. They made a continuous
analysis of the alveolar carbon dioxide concentration by use of
the mass spectrometer. They studied the changes in fifteen pa-
tients under cyclopropane anesthesia without assisted respiration
and sixteen patients with assisted respiration and correlated the
changes in the alveolar CO, content with that of the blood pres-
sure during the operative procedure and for a considerable time
following the anesthetic. Typical examples of their studies are
shown in figure 51 in which the subject was unassisted, and one
observes a nise in the alveolar CO, tension, a marked rise in the
systolic pressurc of the patient, with a very rapid fall of the CO:
tension and the arterial blood pressure after the termination of
the administration of the anesthetic. Figure 52 shows the results
of a patient in whom the respiration was assisted, and one notes
that the alveolar CO. tension was held at a relatively constant
level, with the blood pressure being relatively normal during this
anesthetic period, and the absence of marked fall at the termina-
tion of the anesthetic period. In this series of patients with un-
assisted respiration, the alveolar carbon dioxide content reached
a level of 12.3 per cent on the average, whereas in the group that
had manually assisted respiration the highest CO, content at-
tained was 6.8 per cent. They conclude that eyclopropane shock
is a result of nadequate respiratory minute volume resulting in
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Fic. 51. Chart on patient D.S , age 33, illustrating the rapid development of

hypercapnia during light cyclopropane ancsthesia when respiration is not aug-

mented. Observe the profound hypotension in the early minutes of the post-
anesthetic period (Buckley ef al.* Anesthesiology, 14, 226, 1953)
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the accumulation of carbon dioxide during the anesthesia and its
rapid diminution at the termination of the anesthetic period, and
that this can be prevented by the maintenance of normal alveolar

carbon dioxide tension by manually augmenting the respiration
during the anesthetic period.

EFFECT OF PREMEDICATION UPON RESPIRATION

Waters and Schmidt (341) stated that since cyclopropane did
not increase respiration, the premedication should be reduced in
amount. They believe that better results were obtained with
morphine and scopolamine and have not used barbiturates with
cyclopropane.

Experimental studies by Robbins, Fitzhugh, and Baxter (278)
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F1c. 52 Chart on patient J.S, age 42, cyclopropane anesthesia Alveolar
carbon diowide level was maintained within the normal range by manual assistance
to respiration Note that the blood pressure remained unaltered in the post-
anesthetic period, (Buckley et al.- Anesthesiology, 14, 226, 1953)

upon dogs with morphine, barbital, or amytal as preanesthetic
medication failed to show any significant differences in the carbon
dioxide content of the arterial blood in the three groups of dogs
during deep anesthesia and at respiratory arrest; the oxygen con-
tent of the blood in the dogs receiving barbiturates was about
the same as the morphine group during stage 11T, anesthesia,
but was 3 to 4 volumes per cent higher at respiratory arrest than
that in the morphine and control groups. Data on blood gas
changes in thirty-seven dogs with and without premedication are
shown in table 32.

From these data we feel that barbiturates, even in amounts
that are relatively much larger than the morphine, do not reduce
the adequacy of respiration as much as morphine.
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EFFECT OF HIGH OXYGEN CONTENT OF THE A
MIXTURE UPON RESPIRATION

ESTHETIC

The high oxygen tension in the anesthetic mixture is an impor-
tant factor in determining the rate and amplitude of respiration
in animals and probably in man.

In their studies on monkeys, Shackell and Blumenthal (299)
found that with an average of 70 per cent oxygen in the anesthetic
mixture the concentration of eyclopropane necessary to produce
respiratory arrest was only 25.7 per cent, whereas when the
oxygen content was about the same as that in nir (20 per cent),
a concentration of 33.7 per cent cyclopropane was necessary to
produce respiratory arrest. Data from their experiments are given
in table 46.

In the light of other data to be discussed helow, there is little
doubt but that the high concentration of oxygen in the anesthetic
mixture is the main factor in reducing the amount of cyclopropane
necessary to produce respiratory arrest in the monkeys.

It is of interest here to speculate whether or not such factors
hold true in man. Data similar to those of Shackell and Blumen-
thal are presented in figure 5 from Waters and Schmidt, where it
1s shown that in the patient which developed respiratory arrest
with the lowest concentration of cyclopropane—26.2 per cent—
there was an oxygen content of 56 volumes per cent, whereas in

TABLE 46*

Effect of ozygen upon the concentration of cyelopropane
Sor respiratory arrest in monkeys

Number of Obserations Oxygen Concentration Cyelopropane
5 20.2 33.7
5 28.7 34.0
5 374 36.4
5 46.4 30.9
5 55.1 20.4
3 70.5 25.7

* Shachell and Blumenthal- Anesth. and Analg., 13, 133, 1931 (299).
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F1a. 52 Chart on patient J.8, nge 42, cyclopropane anesthesia Alveolar
carbon dioxide level was maintained within the normal range by manual assistance
to respiration Note that the blood pressure remained unaltered 1n the post-
anesthetic pertod (Buckley et al - Anesthesiology, 14, 226, 1953)

upon dogs with morphine, barbital, or amytal as preancsthetic
medication failed to show any significant differences in the carbon
dioxide content of the arterial blood in the three groups of dogs
during deep anesthesia and at respiratory arrest; the oxygen con-
tent of the blood in the dogs receiving barbiturates was about
the same as the morphine group during stage ITl.., anesthesia,
but was 3 to 4 volumes per cent higher at respiratory arrest than
that in the morphine and control groups. Data on blood gas
changes in thirty-seven dogs with and without premedication are
shown in table 32.

From these data we feel that barbiturates, even in amounts
that are relatively much larger than the morphine, do not reduce
the adequacy of respiration as much as morphine.
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Fic 53 Upper curve A gives responses to 7 per cent carbon dioxide in oxygen
and in air, and to pure oxygen of a cat given 195 mgm per kilogram of pheno-
barbital sodium, Middle curve B after injection of 1 mgm, per hilogram morphine
sulfate. Lower curve C after additional 1njection of 2 mgm. per kilogram of mor-
phine sulfate together with 15 mgm per kilogram phenobarbital sodium (After
Marshall and Rosenfeld. J Pharmacol & Exper. Therap , 67, 437, 1936)

excess increased the rate in eight of twenty-four experiments. In
another study, Rosenfeld and Snyder (285), using rabbits at term
in which labor had been inhibited by the injection of antuitrin-S
one week before term, have investigated the effects of pentobar-
bital, morphine, paraldehyde, and chloral hydrate, as well as
ether, nitrous oxide, and cyclopropane, upon the fetal respiration.
All of the basal narcotics abolished the fetal respiration for several
minutes although the mother was in no case anesthetized. With
ether the fetal respiratory activity was stopped during the time
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the patient which required the highest concentration of cyclo-
propane—49.7 per cent—to produce respiratory arrest, the con-
centration of oxygen was 35.5 per cent. It is probable that such
correlation is only fortuitous; nevertheless it is interesting.

The data of Shackell and Blumenthal on the effect of oxygen
tension upon the concentration of cyclopropane necessary to pro-
duce respiratory arrest are in substantial agreement with the
observations of Marshall and Rosenfeld (199), who found that
the administration of high concentrations of oxygen to animals
under certain anesthetics, particularly the barbiturates and b:{r-
biturates plus morphine, produced a marked depression of respir-
atory minute volume. A chart taken from the report of Marshall
and Rosenfeld is given (fig. 53).

The most plausible explanation of the action of high tension of
oxygen in further depressing respiration and producing apnea in
animals with the respiratory mechanism already depressed by
by anesthetics is that of Marshall and Rosenfeld (199) and
Schmidt (293), who feel that in the depressed animal respiration
is maintained by the stimulant action of relative anoxia upon
the sino-aortic mechanism (carotid bodies and aortic bodies), and
that when high concentrations of oxygen are given, this anoxic
stimulus is abolished and respiration is further decreased or apnea
develops.

RELATION OF ANESTHESIA AND PREMEDICATION TO
ASPHYXIA OF THE NEWBORN

The effects of anesthetics and premedication agents in relation
to asphyxia of the newborn have been studied in some detail.
Snyder and Rosenfeld have shown in the experimental animal
(308), as well as in man (307), that the normal fetus has active
respiratory movements with aspiration and expulsion of amniotic
fluid for some time before term or delivery. They have investigated
the effects of anoxia, excess carbon dioxide, and acapnia upon the
fetal respiration and found that anoxia and acapnia depressed
the rate of respiration in all experiments, whereas carbon dioxide
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Fic. 5. 5—Ether by drop method. Gradual depression of fetal respiration
which persisted in this instance after mother awsakened from anesthe<ia. 6—
Nitrous oxide, 00 per cent; oxygen, 10 per cent. Mother depressed, corneal reflex
present. (Rosenfeld and Snyder* Am J Obst. & Gynec., 38, 425, 1939)

anesthesia which has, according to Burford, a purely physical
basis, due to the rapid rate of absorption of both cyclopropane
and oxygen from the alveoli.

Burford (47) maintains that at the end of a period of anesthesia
with cyclopropane-oxygen, the mixture in the patient’s alveoli
and in the bag is practically pure cyclopropane and oxygen with
only a minimal amount of inert gas; this is due to the fact that as
anesthesia proceeds, there 1s an escape of gas from the anesthetic
system, which is in turn replaced with cyclopropane-oxygen, so
that most of the nitrogen which was originally in the lungs has
been lost. During the deeper levels of anesthesia the respiratory
volume is decreased, and the distal alveoli are not dilated with
each inspiratory effort, so there is » rapid absorption of cyclo-
propane and oxygen and the alveoli collapse. While the anesthetic
mixture, high in oxygen, 1s being given, there is adequate oxygena-
tion of the blood, even with partial collapse of the alveoli, and the
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TABLE 47*
Effect of anesthelics upon fetal resprration (rabbit)
picat | ol Inian-
Anesthetic Agproxi- |Number of Number of %.'.e;lg.;g henne Respre
Fetus
pertam
Pentobarbital-Na 20 9 27 0 +
Morphine-50; 5 4 16 0 +
Paraldehyde 250 3 5 0 +
Chloral hydrate 25 2 15 [ +
Lther, open-drop techme 3 8 4 +
Nitrous oxide 90%-oxygen 10% 3 10 1] +
Nitrous oxide 85%-oxygen 15% 4 15 0 0
Cj clopropane 30%-oxygen 70% 9 32 + 0

* Rosenfeld and Snyder. Am, J Obst and Gynee., 38, 425, 1930 (285).

the mother was anesthetized, nitrous oxide, 90 per cent, and
oxygen, 10 per cent, mixtures abolished fetal respiration even
though the mother was not anesthetized; nitrous oxide, 85 per
cent, and oxygen, 15 per cent, did not depress the fetal respiration.
Only with eyclopropane-oxygen were they able to produce surgi-
cal anesthesia 1 the mother without depressing or abolishing
fetal respiration.

In summarizing their report they state, “most anesthetics of
both nonvolatile and volatile types suppress intrauterine respira-
tion long before surgical anesthesia is reached in the mother. The
result with cyclopropane illustrates the attainment of one impor-
tant objective in obstetric anesthesia, namely, the production of
full surgical anesthesia of the mother without interruption of
fetal respiration.”

Table 47 and figures 54 and 55 are taken from their paper and
show in detail their results.

RATE OF ABSORFTION OF GASES IN RELATION
TO POSTOPERATIVE ATELECTASIS

Jones and Burford (162) have reported cascs of pulmonary
collapse or massive atelectasis following cyclopropane-oxygen
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TanLe 48°*
Time necessary for the absorption of fized amounts of different gases
Gas Used Number of Experiments Aserage Time for Absorption
minwltes seconds
Co 9 1 16
04 ’ 12 1 20
WO [ 1 42
CiHlg 3 2 2
H, 3 16 22
Argon 3 16 4
Helium 1 18 16
Air 2 9 22
N, 6 12 6

* Lemmer and Rovenstine: Arch, Surg., 30, 625, 1935 (182).

Coryllos and Birnbaum (70), in their studies on the rate of
absorption of different gaseous agents, obtained some very inter-
esting data. After having rendered a lobe of the lung atelectatic,
by flushing it out six to eight times with oxygen and allowing the
oxygen to be absorbed while the bronehus was obstructed, they
inflated the lobe with the gas to be studied, then closed the
bronchus and ohserved the time necessary for complete absorp-
tion. Their results show a wide variation in the rate of absorption
as estimated by the time necessary for the gas to be absorbed.
The time required for the different agents is- oxygen, 15 minutes;
carbon dioxide, 4 minutes; N,0, 17 to 35 minutes; C,H,, 13 to
29 minutes; ether vapor, 1 to 3 minutes; ethyl chloride vapor, 10
to 17 minutes; air, 16 hours; N, 16 hours; hydrogen, 18 hours;
and helium, 26 hours.

Later Lemmer and Rovenstine {182) used as 2 measure of the
rate of absorption the time necessary for the absorption of 600
cc. of the different agents from one lung that had heen previously
allowed to collapse, following obstruction of the bronchus, and
then inflated with the gas under study. They determined the time
necessary for the lung to diminish to one-sixth of the inflated size
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Fra 55 7—Nitrous oude, 85 per cent; oxygen, 15 per cent Mother awake,
reflexcs active 8—Cvclopropane, 30 per cent; oxygen, 70 per cent. Mother fully
anesthetized, corneal reflex lost Deep surgical anesthesia of mother without
interruption of fetal breathing (Rosenfeld and Snyder. Am. J. Obst. & Gynec.,
38, 425, 1939)

patient remains pink and in good condition. With sudden with-
drawal of the anesthetic mixture while the patient is still anesthe-
tized, the oxygen and cyclopropane n the alveoli are absorbed
rapidly and more alveoli collapse, even though there is no obstruc-
tion present; atelectasis follows because there is no inert or unab-
sorbable gas present. Burford advises the use of some inert gas
in the anesthetic mixture so that the distal alveoli will not col-
lapse during anesthesia or soon after, due to complete absorption
of the oxygen and cyclopropane while the respiration is still re-
duced below normal.
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Tante 48*
Time neceszary for the abearplion of fized amounts of different gases

Gas Used Number of Fapetiments Average Time for Absorption
minutes secondr
CO: 9 1 16
0: 12 1 20
Xa0 6 1 42
Cill¢ 3 2 2
H, 3 16 22
Argon 3 16 4
Helium 1 18 16
Air 12 0 22
N: 6 12 6

* Lemmer and Rovenstine. Arch. Surg., 30, 625, 1035 (182).

Coryllos and Birnbaum (70), in their studies on the rate of
absorption of different gaseous agents, obtained some very inter-
esting data. After having rendered a lobe of the lung atelectatic,
by flushing it out six to ecight times with oxygen and allowing the
oxygen to be absorbed while the bronchus was obstrueted, they
inflated the lobe with the gas to be studied, then closed the
bronchus and observed the time necessary for camplete absorp-
tion. Their results show a wide variation in the rate of absorption
33 estimated by the time necessary for the gas to be absorbed.
The time required for the different agents is: oxygen, 15 minutes;
catbon diovide, 4 minutes; N0, 17 to 35 minutes; C,H, , 13 to
29 minutes; ether vapor, 1 to 3 minutes; ethyl chloride vapor, 10
to 17 minutes, air, 16 hours; N, , 16 hours; hydrogen, 18 hours;
and helium, 26 hours.

Later Lemmer and Rovenstine (182) used as a measure of the
rate of absorption the time necessary for the absorption of 600
cc. of the different agents from one lung that had been previously
allowed to collapse, following ohstruction of the bronchus, and
then inflated with the gas under study. They determined the time
necessary for the lung to diminish to one-sixth of the inflated size



170 CYCLOPROPANE ANESTHESIA

and determined this time for several agents. Data from their
results are shown in table 48.

On the basis of their results, they advise that if CO. is to he
given after anesthesia to prevent postoperative atelectasis, it
should be given in an atmosphere of air and not of oxygen because
of the slower rate of absorption of air in an obstructed or partially
obstructed lung area.

To aid in the prevention of postoperative pulmonary collapse
following inhalation anesthesia, Burford suggests that some inert,
slowly absorbed gas be added to the anesthetic mixture. This
can be done when one uses cyclopropane because it is the only
one of the gaseous agents of sufficient potency to permit adequate
oxygen tension and 30 to 40 per cent of an inert agent. Burford
has used helium in his cases.

SUMMARY

Cyclopropane does not irritate the upper respiratory tract as
much as chloroform or ether.

Although respiration is not increased during cyclopropane
anesthesia, tissue oxygenation is adequate. The high concentra-
tion of oxygen used with cyclopropane is a factor in the reduced
respiratory activity during anesthesia.

Cyclopropane does not stimulate respiration, and unless the
respiratory effort is augmented, a respiratory acidosis will develop.

The absence of slowly absorbed gases in the alveoli at the end
of the anesthetic period may be a factor in the development of
atelectasis following cyclopropane-oxygen anesthesia.



5

The Effects of Cyclopropane Anesthesia
Upon The Gastrointestinal Tract

From the literature relating to the postoperative complications
of the gastrointestinal tract following anesthesia, it is concluded
that distention and ileus are less frequently observed after eyclo-
propane than ether anesthesia. This would indicate that cyelo-
propane has less effect on normal gastrointestinal tone and aetiv-
ity than the ether.

Experimental studies of the effects of cyclopropane upon the
tone and contraction of intestinal musele have been made in
vitro as well as in vivo in dogs and man.

Peoples and Phatak (252) used the Magnus method of study-
ing the effect of cyclopropane upon the tone and contraction of
2 ¢m. segments from the jejunum of rabbits. By bubbling 10 to
25 per cent mixture of cyclopropane through the bath, they found
that the tone of the muscle strip was increased but the amplitude
of contractions was decreased. These results of excised rabbit
tissue were confirmed by Beyer (quoted by Weisel, Youmans, and
Cassels (342)). Upon placing the tissue in fresh Locke’s solution
the tone and contraction rapidly returned to normal. Ether, on
the other hand, decreases both tone and contraction. A record of
their results is shown in figure 56.

Burstein (51) studied the effects of anesthesia on tone and
contraction in six dogs with chronic Thiry-Vella fistulae in the
jejunum or ileum. Intestinal movements were recorded by using
a balloon in the gut connected to a water manometer as deseribed
by Jackson (155). The dogs were not given any premedication.
After control records were made, anesthesia was induced and an

171
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Fia. 56. Effect of 10 per cent cyclopropane in oxygen on intestinal muscle
(After Peaples and Phatak Proc Soc Ewper. Biol & Med., 33, 287, 1935)
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Fic 57. Effect of cyclopropane on intestinal activity in dog with Thiry-
Vella fistula of the jejunum Upper curves (A) thoracic respirations, lower
curves (B) intestinal contractions (After Burstein. Proc. Soe Iixper DBiol &
Med , 38, 530, 193%)
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endotracheal airway inserted, after which ancsthesia was main-
tained by a closed system with » CO; absorher in line.

The amplitude of contractions as well as the tone was increased
in stage I11,., ; in stage 111, the tone remained high but the ampli-
tude of contractions was decreased; in stage III, the amplitude
of contractions was markedly reduced but the clevation of tone
persisted. Upon reducing the depth of anesthesia, the contractions
increased. A record of Burstein’s results is shown in figure 57.

He also confirmed the earlier work of Miller (212} in finding

TaBLE 49*
Effect of bolus propulsion lume of cyclopropane alone and of cyclopropane
after morphine and scopolamine premedicalion
Propulsion times are recorded in minutes and sre conseeutive horizontally
except 1n the four instances where an interval was allowed to pass after the last

tyme recorded for the premedicated intestine before the beginning of eyclopro-
pane anesthesia.

D Ne Propulsion Tomes Immediately
Numker {Proparaen e [nekihera)  (Folomng Begnng ot
1 51 5] 3 11 46! 2/160,165160[ 4| 6
2 4 4 4 30 35 6| 6 7| 3 4
3 10) 8} 8 34 48 49/ 10/ 9 88,
4 0] 9t 9 26 28] 13| 9|
5 8 4 4 16 33 3| 9| 4
6 33| 3 34 99 15| 8 5| 3
7 1414015 22 28 8| 14| 14
N Propulsion after Propusion T
Proplomm Times| golorpiine | Tl | Lenath of | O o
mine Cyclopropane Anesthesia
1 5| 4 ER I 2|2 30 401 7| 6] 4
2 33| 3]t 1118 44 330121 3 1l g 1 11
3 3] 8] 8l2]|=2 3( 31 51 116] 4 2| 2
4 15| 9 8] 213 41 28 45 48( 3| 3} 25 o 8§ 8
5 5 ] 51 1 2 21 27| 65 4 9|
6 15 8 8] 3 2 4 6 15 190 4 3| 4] 4] 30102 8
7 1414 14 4 1331 25 30 63| 8| 35 47| 21| 14

* After Weisel, Youmans, and Cassels. J. Ph.
63, 301 08 ). N - Pharmacol and Exper Therap.,
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that under cther anesthesia the intestinal activity was decreased.

Weisel, Youmans, and Cassels (342) have made a very com-
plete study on the effect on intestinal motility of cyclopropane
anesthesia alone and after morphine-scopolamine premedication.
They studied the effects on tone, propulsive and non-propulsive
movements in dogs. Eleven dogs were used; some had a normal
Thiry fistula, denervated Thiry fistula; others had a normal
Thiry-Vella fistula: while two had both Thiry and Thiry-Vella
fistulae.

They first investigated the effects of morphine and scopolamine
alone and combined upon tone, propulsive and non-propulsive
movements, and later the effect of cyclopropane anesthesia on
these factors in non-premedicated and premedicated dogs. They
used morphine, 1 mgm. per kilogram subcutaneously, and scopola-

F1a. 58 A Typical effect of c)clopropune uneitheuu (between arrows) on the
motility of a jejunal fistula of a I i dog A 12-minute section of
record was removed at the break Artificial respiration during minute following
end of anesthesia

B. Effect of cyclopropane anesthesia (between arrows) 25 minutes after in-
Jection of morphine and scopolamine A 20-munute scetion of record was removed
at the break

Time 1n § ceconds and 1-minute intervals Pressure in centimeters of mercury
(After Weisel, Youmans, and Cassels J Pharmacol. & Exper. Therap., 63, 301,
1938)
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mine, .6 to 1.2 mgm. total dose subcutancously. Ancsthesia was
given by the closed CO. absorption technie, and records were
made under different levels of anesthesia.

It was found that scopolamine alone decreased markedly the
bolus propulsion action for about two hours; with morphine alone
and morphine with scopolamine the propulsive action was in-
creased for a few minutes following the injection but was later
decreased. The effects of cyclopropane anesthesia upon the pro-
pulsive action in normal and premedicated dogs are shown in
table 49.

During the periods of anesthesia in the different dogs, only one
(no. 2) with premedication expelled the bolus before the anes-
thesia was stopped. The propulsive activity of the gut then is
practically abolished during surgical anesthesia with eyclopro-
pane.

In the non-premedicated dog the contractions were abolished

(ist arrow) foll

d by cyelo-
propane anesthesia (2nd arrow) on an innervated (A) and a denervated (B)

1ejunal fistula Twenty, 10 and 10-minute sections have been removed at the
1st, 2nd and 3rd breaks, respectively Anesthesia was ended 3 minutes preceding
the last section Time in nunutes (After Weisel, Youmans, and Cassels: J
Pharmacol & Exper. Therap., 63, 391, 1035) ’
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during anesthesia, but the tone was not altered, whereas in the
premedicated dogs the frequency of contractions was reduced
during anesthesia without much change in the amplitude or fone.
Records are given in figure 58.

The effect of morphine-scopolamine in maintaining the contrac-
tions (non-propulsive) during anesthesia with cyclopropane is
not dependent upon any central nervous mechanism because
practically identical records are obtained from innervated and
denervated jejunal fistula. An excellent comparison is shown in
figure 59.

Seevers (295) found that the inhalation of cyclopropane in six
per cent concentration for ten minutes inhibited hunger contrac-
tions in man, but the gastric tone was not changed. The contrac-
tions returned in full strength when inhalation ceased and pro-
gressed to the usual tetanic contracture.

Bisgard and Johnson (23, 24) reported that anesthesia produced
with cyclopropane combined with avertin was followed by less
postoperative disturbances than observed in patients following
anesthesia by other agents. They showed in both man and dog
that the tone and contractility of the gastrointestinal tract were
changed less under cyclopropane alone and combined with avertin
than when ether, nitrous oxide, or evipal was used. They suggest
that the reduction in gastrointestinal activity may be due to
anoxia because the activity is increased during the inhalation of
oxygen.

SUMMARY

Cyeclopropane mcreases the tone of intestinal muscle in vitro.

Cyclopropane anesthesia alone reduces the frequency of or
abolishes the contractions of the intestine of dogs.

Cyclopropane when given after morphine and scopolamine
abolishes the propulsive action of the gut but does not alter the
amplitude of the segmented or non-propulsive contractions in the
dog.
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The Effects of Cyclopropane Anesthesia
Upon the Blood

Relatively few studies have been reported upon the changes in
the blood during eyclopropane anesthesia, but there is fair agree-
ment in the data obtained by diffcrent workers.

Henderson and Lucas (146, 147) found very little change in
the pH of the blood during periods of anesthesia from one to two
hours’ duration in eight experiments in cats and rabbits; the pH
mereased about as often as it decreased as the anesthesia con-
tinued; they did not do control pH determinations.

Fay, Andersch, and Kenyon (98, 99) have reported a compara-
tive study on the serum electrolyte changes under ether and
cyclopropane anesthesia in dogs; they found in six of fourteen
determinations of pH under cyclopropane no significant change
(pH .05 or less) from the control value, while in the other eight
there was a fall of .06 to .27 pH. Ether produced a fall of .06 to
.3 pH in all of ten determinations.

There is little change in the carbon dioxide content of the blood
produced by cyclopropane anesthesia until the lower planes of
stage III are reached. Hathaway and Orcutt (quoted by Waters
(339)) found an increase in both arterial and venous carbon
dioxide in patients with premedication; Robbins and Baxter (277),
in studies on non-premedicated dogs, found little change in the
carbon dioxide content until the time of respiratory arrest; in
dogs with morphine or barbiturate premedication there was an
increase of 4 to 10 volumes per cent, depending upon the size dose
of preanesthetic medication. See table 32, Chapter 3, for detailed
data. Fay, Andersch, and Kenyon reported that they found no

consistent change in the carbon dioxide content.

177
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The oxygen content of arterial and venous blood rises during
anesthesia, and the arterial-venous oxygen difference is decreased.
Hathaway and Orcutt found this in man; Robbins and Baxter
obtained similar results in non-premedicated dogs. The arterial
oxygen content also rises in premedicated dogs during anesthesia
and is higher at respiratory arrest in the barbiturate premedicated
dogs than in the control or morphine premedicated dogs. Fay,
Andersch, and Kenyon (99) also found an increase in oxygen con-
tent during anesthesia.

Waters and Schmidt (341) reported that there is no significant
change in the carbon diovide combining power immediately and
four hours after cyclopropane anesthesia on twenty-one patients.
Fay, Andersch, and Kenyon (99) found a slight rise in three dogs,
a slight fall in two, and 8.49 volumes per cent fall in another dog
under cyclopropane anesthesia, whereas with open-drop ether
anesthesia they found a fall of 10 to 15 volumes per cent in five
experiments, with ether in the closed system there was an average
fall of 4.7 volumes per cent in eleven experiments. Neff and Stiles
(229) reported a fall in carbon dioxide combining power of 2 to
7 volumes per cent in twenty-five patients; they found no signifi-
cant change in the combining power in thirty controlled diabetics
after cyclopropane anesthesia (sce table 50 for their results).

TaBLe 50*
The effect of anesthesia upon the blood sugar and carbon dioxide
combiming pouer of the plasma of diabelic patients

S 1| Namber of
Agent Time Bload Sugar| e [Nnesiiesn | Paients
P:’:‘E’:ﬂl minules
- Preoperative 196 56 4 17 30
Nitrous ouide { Postoperative 200 52.7
. Preoperative 194 4 51.7 31 30
Spnal procaine Postoperative | 1951 | 519
Preoperative 175 54.9 31 30
Cyclopropane Postoperative | 181 9 | 53.2

* Neff and Stiles Canad M A J, 35, 56, 1936 (229).
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Fay, Andersch, and Kenyon (99) reported that the total lms'c
may remain constant or rise with cyclopropane, whereas therc. is
a fall with cther; in this relation it is interesting to note that with
both eyclopropane and cther there is a fall in sodium, but potas-
sium which always falls with ether, as shown by Cloctta ¢t al.
(61) and Robbins and Pratt (281), may or may not change under
cyclopropane.

Waters and Schmidt (341) reported an increase in inorganic
phosphorus during eyclopropane anesthesia in man. Fay, An-
dersch, and Kenyon (99) found similar changes in the dog; ether,
when given by the closed system, increases the phosphate, but
open-drop ether produces a fall.

There is no significant change in the NPN in man after cyclo-
propane anesthesia as reported by Waters and Schmidt (341) and
Neff and Stiles (229).

In rabbits and cats Henderson and Lucas (146, 147) found no
change in blood sugar in two experiments, whereas in three others
there were increases of 38 to 86 mgm., but their remarks would
indicate that factors other than the anesthetic were operating to
produce the increase.

Waters and Schmidt (341) reported a 10 to 15 per cent rise in
blood sugar immediately after anesthesia with a return to the
preanesthetic level in four hours. Whether this slight rise is due
to the eyclopropane or the morphine premedication cannot be
stated with certainty because morphine produces a rise in blood
sugar in man and lower animals. Bodo ef al. (27), using relatively
small doses of morphine in dogg, found rises in blood sugar of some
10 to 15 per cent.

In controlled diabetics having intra- and extra-abdominal sur-
gery, Neff and Stiles (220) compared the blocd chemical changes
n thirty patients in each group with nitrous oxide, spinal, and
cyclopropane anesthesia. The preoperative blood samples were
taken three hours before operation; the caleulated doses of insulin
and glucose for each patient were given immediately after the
preoperative samples were taken. The postoperative samples were
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taken four hours after the operation and hefore any insulin or
glucose was given. Their results are shown in table 50.

In the controlled diabetic, cyclopropane anesthesia does not
alter the blood sugar or carbon dioxide combining power.

Taylor and Waters (327) have made a study of the effects of
various anesthetics upon the white blood corpuscle count in pa-
tients and found that there was a marked increase during the
cight hours following anesthesia, with a rapid return toward nor-
mal in twenty-five hours, with a more gradual return to normal
during the third to fifth postoperative days. Figures from their
report are given in figures 60 and 61.

The longer the duration of the anesthesia, the higher the leuco-
cytosis. In similar operations under loeal (procaine), ether, or
cyclopropane the rise in whe is much greater with ether or cyclo-
propane than with the local. The rise is greater in intra-abdominal
than in extra-abdominal cases. These data were taken from pa-

1T 1 T 1 1 11
25,000 LESS THAN 30 MIN =---—- -]
K 3o0-60c * —
60-90 -
20, OVER 90
15,000
10,00 =
5,00
HOURS  © 24 Davs 2 3 a s

Fic G0 Postoperative leucocytosis according to operating time in all cases.
Cases done 1n less than thirty minutes had superficial operations, The remainder
that are separated into three time groups had similar operations that vaned in
respeet to duration (After Taylor and Waters: Anesth. & Analg , 14, 277, 1035)
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Fia. 61. Percentages of polymorphonuclear cells in thirty-six cases anes-
thetized with cyclopropane The cases are separated mto abdominal and evtra-
abdominal surgery.

Leucocytosia 1n thirty six cases anesthetized with ey cloprop The easex
are geparated into abd | and extra-abd 1 sargery. (Alter Taylor and
Waters: Anesth & Analg , 14, 277, 1935)

tients without diagnosed infective processes, so it scoms that the
anesthetic, per se, produces leucocytosis. To confirm this point
they made studies on five dogs which wete anesthetized to levely
of deep anesthesia with ether for periods of one {0 one and one-half
hours. Cell counts made three hours after the ancsthesin shoswed
two and one-half times the control whe value, whereas at twenty-

four hours the count was only ahout 25

v o per cent ahove the con-
trol, and at forty-eight hours the count was normal.
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taken four hours after the operation and before any insulin or
glucose was given. Their results are shown in table 50.

In the controlled diabetic, cyclopropane anesthesia does not
alter the blood sugar or carbon dioxide combining power.

Taylor and Waters (327) have made a study of the effects of
various anesthetics upon the white blood corpuscle count in pa-
tients and found that there was a marked increase during the
eight hours following anesthesia, with a rapid return toward nor-
mal in twenty-five hours, with a more gradual return to normal
during the third to fifth postoperative days. Figures from their
report are given in figures 60 and 61.

The longer the duration of the anesthesia, the higher the leuco-
cytosis. In similar operations under local (procaine), ether, or
cyclopropane the rise in wbe is much greater with ether or cyelo-
propane than with the local. The rise is greater in intra-abdominal
than in extra-abdominal cases. These data were taken from pa-
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Fra. 60 Postoperative leucocytosis acecording to operating time in all cases
Cases done in less than thirty minutes had superficial operations The remainder
that are separated nto three time groups had similar operations that vaned in
respect to duration (After Taylor and Waters: Anesth & Analg , 14, 277, 1035)



7

The Effects of Cyclapropane Anesthesia
Upon Other Tissue

Cyclopropane does not increase the seerction of saliva as much
as cther or ehloroform (271) although Marshall (200) states that
cyclopropane stimulates the parasympathetic system, because he
found an increase of lachrymal and salivary secretion along with
a contraction of the iris, the gut, and a bradycardia.

There are no data to show the effect of cyclopropane upon the
secretion from the glands of the gastrointestinal tract.

Raginsky and Bourne (262) and Bourne (34) have made studies
upon the effect of eyclopropane on the liver us determined by the
bromsulphthalein liver function test. Tests were made on three
normal women before and after cyclopropane anesthesia, and
there was no reduction of rate of removal of the dye from the
blood stream; in one patient with eclampsia who had a retention
of 55 per cent before cyclopropane and delivery, there was a re-
tention of 50 per cent after anesthesia and delivery.

They made studies upon the effect of repeated cyclopropane
anesthesia in normal dogs and in dogs after liver injury due to
CHC, poisoning. One dog that was anesthetized one hour daily
for nine days showed a 10 per cent retention after the first and
third day, but none after the other. Histological examination of
the liver from this dog showed no changes similar to those pro-
duced routinely with CHC; and occasionally with ether. In the
dogs with damaged livers due to CHCl, poisoning anesthetization
with eyclopropane for long periods (three hours) did not, alter the
rate of recovery.

These data both clinical and laboratory indicate that cyclo-
propane anesthesia does not produce damage to the normal liver

183
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Garrey and Butler, quoted by Garrey and Bryan (106), found
that anesthesia in dogs, produced by barbiturates, was not ac-
companied by leucocytosis and that subsequent inhalation of
ether did not produce a leucocytosis. They suggested that part
of the leucocytosis during and following ether anesthesia might
be due to emotional and reflex reactions and struggle during in-
duction. .

Mann (193) believes that the leucocytosis after anesthesia is
due to the stimulant action of the anesthetic upon the bone mar-
row and not to the expulsion of whe from the spleen and other
whe depots.

Taylor and Waters found no changes in the rbe in eight cases
after anesthesia. Fay, Andersch, and Kenyon (99) in their studies
on dogs found that the cell volume increased an average of 43
volumes per cent. Robbins, Baxter, and Fitzhugh (279) reported
an increase in the oxygen capacity in dogs under cyclopropane
after premedieation with barbiturates.

There is no change in the clotting time under cyclopropane
anesthesia (327).

SUMMARY

Cyclopropane anesthesia produces no significant change in the
pH, carbon dioxide content, or carbon dioxide combining power
of the blood.

The oxygen content and capacity are increased during anes-
thesia.

Total bases of the serum are not changed.

Inorganic phosphates are mcreased after cyclopropanc anes-
thesia.

The non-protein mtrogen is not increased after cyclopropane
anesthesia.

The blood sugar rses slightly 1n normal patients, but there is
no change in controlled diabeties.

There is 2 marked leucocytosis following cyclopropane anes-
thesia, but only slight changes in the 1ed cells.
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urine output, creatinine clearance, and para-aminohippurate
clearance. There was a reduction in these three values of approxi-
mately 50 per cent during this deep anesthesia. Immediately fol-
lowing the deep ancsthesia the dogs were again lightened to stage
111, plane 1, anesthesia and studics on urinary function repeated.
The creatinine clearance, urine output, and the para-amino-
hippurate clearance were approsimately the same as they were
in the control studies. They feel that there is a reduction in blood
flow of about one-half during deep anesthesia and that this is
due to neurogenic constriction of the vessels,

In 1952, Miles and DeWardener (211) reported their study on
the renal vasoconstriction produced by ether and cyclopropane
anesthesia. This was done on dogs that had the kidney in normal
position and also the kidney that had been denervated. They
observed marked vasoconstriction during anesthesia with cyclo-
propane and ether and found that when the kidney was dener-
vated, ether produced a vasoldilatation. They believed that the
reduction in blood flow through the kidney is due to neurogenic
vasoconstriction of the vessels in the kidney.

In 1943, Collier and his associates (64) reported a study on the
effect of ether and cyclopropane anesthesia on the renal function
in man. They made control studies of the patient in the awakened
state, and their experimental observations were near the end of or
immediately following the operative procedure. They studied
seven patients with ether and four with cyclopropane. They de-
termined the glomerular filtration by the inulin clearance test
and the plasma biood flow by diodrast. With ether anesthesia
they found the same glomerular filtration and kidney blood flow
as they did in the control studies, whereas with eyclopropane
anesthesia there was a diminution in the inulin clearance and an
increase in the blood flow 1n two subjects and a decrease in the
blood flow in two others. They feel that these anesthetic agents
have no harmful effects on the kidney.

Later in 1949, Burnett and his associates (50) made a more
extensive study on patients, eight of whom had ether and seven
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and does not alter the rate of repair of liver damage duc to chloro-
form or eclampsia. The high oxygen concentration in the anes-
thetic mixture is held responsible in part for the lack of liver
damage with cyclopropane anesthesia.

Orth and Stutzman (244), studying the effect of anesthesia
upon kidney function as determined by the urea clearance test,
found no reduction in the capacity of the kidney to eliminate
urea after long periods of anesthesia in the dog. They state:

The results of these tests seem to indicate that none of the three anesthetic agents
studied—eyclopropane, cther and chloroform, interferes with kidney function
as determined by urea elearance Since urea is the chicf product of excretion 1
the urine and volves activity of both the glomerull and tubules in filtration
and reabsorption it is felt that such determinations give satisfactory indices of
the effect of these anesthetic agents on the hidney.

Turther evidence that eyclopropane anesthesia does not damage
the kidney is that there is no increase in the non-protein nitrogen
after anesthesia in man (229).

Waters and Schmidt state that the kidney funetion is depressed
or an actual suppression occurs during anesthesia with eyclo-
propane, with a compensatory increase in secretion several hours
following anesthesia. Mechling and Moffitt (209) found less evi-
dence of nephritis following eyclopropane anesthesia than after
anesthesia produced by nitrous oxide or ether in patients having
comparable operative procedures.

There have been several papers on the effect of cyclopropane
and ether anesthesia on kidney function in the experimental ani-
mal and in man during the past twelve to fifteen years.

In 1945, Craig and his assotiates (75), using dogs n eight ex-
periments, obtained some very satisfactory information on the
effect of these agents on the various functions of the kidney. They
did not make urinary studies on the awakened animal but used
a light plane of stage 111 for their control values and determined
the urine output, creatinine clearance, and para-aminohippurate
clearance or renal blood flow. They later put the dogs in deep
surgical anesthesia, stage ITI, plane 3 to 4, and determined the
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had cyclopropane anesthesia. They used mannitol for the glomeru-
lar filtration studies and para-aminohippurate for the renal plasma
flow. They determined the renal function for ten to thirty min-
utes before anesthesia was started and then for thirty to seventy-
five minutes after ancsthesia had begun but before any surgical
procedures had been carried out. Their subjects were maintained
in stage III, plane 1 to 2, surgical anesthesia. They observed a
decrease in urine flow of approximately fifty per cent with both
ether and cyclopropane, a decrease of twenty-one per cent in
glomerular filtration with ether, and thirty-one per cent with
cyclopropane. The plasma flow as indicated by the para-ammo-
hippurate clearance was decreased thirty-nine per cent with ether
and fifty-two per cent with cyclopropane. They feel that ether is
a better anesthetic as far as the kidney is concerned in patients
in shock. This feeling is derived from the fact that there is less
reduction in the blood flow to the kidney during ether anesthesia
than during cyclopropane anesthesia.

Habif and his associates (138A) 1n 1951 followed the changes in
rena) blood flow, glomerular filtration rate and urinary output of
electrolytes during cyclopropane anesthesia, operation and the
immediate postoperative period in eleven patients, and found that
the para-amino-hippurate clearance was reduced more than one-
half and the inulin clearance was reduced one-half during the first
part of the anesthesia period. The reduction in kidney function
was due to an intra-renal vasoconstriction and became less as
the duration of the anesthesia increased. They observed a rapid
return of normal kidney function during the immediate post anes-
thetic period.

Lee et al. (180) in 1953 determined the effect of cyclopropane
anesthesia upon glomerular filtration and renal blood flow in man
using inulin and para-sminohippurate and found a decrease of
glomerular filtrate of 50 per cent and of renal blood flow of 40
per cent early In anesthesia with a gradual return toward anes-
thetic values as anesthesia progressed. Their results are shown in
figure 62.
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had eyclopropane anesthesia. They used mannitol for the glomeru-
lar filtration studies and para-aminohippurate for the renal plasma
flow. They determined the renal function for ten to thirty min-
utes hefore anesthesia was started and then for thirty to seventy-
five minutes after anesthesia had begun but hefore any surgieal
procedures had been carried out. Their subjects were maintained
in stage III, plane 1 to 2, surgical anesthesia. They observed a
decrease in urine flow of approximately fifty per cent with both
ether and cyclopropane, a decrease of twenty-one per cent in
glomerular filtration with ether, and thirty-one per cent with
cyclopropane. The plasma flow as indicated by the para-amino-
hippurate clearance was decreased thirty-nine per cent with ether
and fifty-two per cent with cyclopropane. They feel that ether is
a better anesthetic as far as the kidney is concerned in patients
in shock. This fecling is derived from the fact that there is Jess
reduction in the blood flow to the kidney during ether anesthesia
than during cyclopropane anesthesia.

Habif and his associates (138A) in 1951 followed the changes in
renal blood flow, glomerular filtration rate and urinary output of
electrolytes during cyclopropane anesthesia, operation and the
immediate postoperative period in eleven patients, and found that
the para-amino-hippurate clearance was reduced more than one-
half and the inulin clearance was reduced one-half during the first
part of the anesthesia period. The reduction in kidney function
was due to an intra-renal vasoconstriction and hecame less as
the duration of the anesthesia increased. They observed a rapid
return of normal kidney function during the immediate post anes-
thetic period.

Lee et al. (180) 1n 1953 determined the effect of cyclopropane
anesthesia upon glomerular filtration and renal blood flow in man
using inulin and para-aminohippurate and found a decrease of
glomerular filtrate of 50 per cent and of rcnal blood flow of 40
per cent early 1n anesthesia with a gradual return toward anes-
thetic values as anesthesia progressed, Their results are shown in
figure 62.



The Clinical Administration

of Cyclopropnae

For satisfactory clinical administration of cyclopropnnc, re-
breathing in a closed system is exsential. The explosive hazards
and the cost of the gas per unit volume arc so great that the eseape
of cyclopropane into the operating room cannot he tolerated.

The use of a closed ancsthetic system is dependent upon the
removal of carbon dioxide from the expired air and addition of
oxygen to the mixture to replace that which is used. Jackson
(156), 1916, was the first to use such a procedure experimentally
for anesthesia in animals. He showed that after the animal was
in the desired plane of anesthesia, it could be maintained in this
fevel by rebreathing into a closed system in which the carbon
dioxide was removed and oxygen added. The animal does not
destroy the anesthetic, and the only need for adding extra ether
after the desired plane was reached, was to replace that which
was taken up by the fat and tissues of the body. Waters (338)
was the first to adapt the observation of Jackson to clinical
anesthesia. In discussing the contribution of Jackson to clinical
anesthesia Waters states:

In 1916 Dennis Jackson of the University of Cincinnati demonstrated that
by absorbing expired earbon dioxide in alkali, animals could be confined indefi-
nitely in a closed space containing an ancsthetic misture The only necessary
addition to the mixture was, he found, sufficient ovygen from mmute to minute
to replace that used out of the muture as it diffused into the blood from the
snimal’s alveoh, He determined that there was no oxidation of the common
anesthetic agents while 1 the body and practically no excretion, other than
through the lungs. Jackson thus called attention to g fact which, when applied
ta clinieal anesthesia, was destined to eliminate many of the unphysiclogic side
actions previously dered necessary ac
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of inhalation anes-
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DeWardener et al. (85) in 1953 studied the effect of clective
hemorrhage, 13 to 29 per cent of total blood volume, upon glo-
merular filtration and renal blood flow in the patient lightly anes-
thetized with cyclopropane and found no significant change in
either the glomerular filtration or renal blood flow.

From these studies and those described earlier, it seems quite
obvious that neither ether nor eyclopropane has marked deleteri-
ous effects upon the kidney.

There are no experimental studies reported upon the effect of
cyclopropane upon the ureters or bladder. Sanders and Fink (292)
believe that there is less functional disturbance of the bladder
after cyclopropane than after other agents, as the need for cathe-
terization was reduced in patients after cyclopropane; Waters,
on the other hand, found a slight increase in retention following
cyclopropane anesthesia but attributed this to the type of cases
and not to the anesthetic. Mechling and Moffitt (209) found more
retention following cyclopropane than after ethylene or ether but
less than after spinal.

SUMMARY

Cyclopropane anesthesia produces no liver damage detectable
by the bromsulphthalein test.

There is a reduction of blood flow and glomerular filtration of
about 40 per cent during cyclopropane anesthesia.



The Clinical Administration
of Cyclopropnae

For satisfactory clinical administration of cycloprepanc, re-
breathing in a closed system is essential. The explosive hazards
and the cost of the gas per unit volume are so great that the eseape
of cyclopropane into the operating room cannot he tolerated.

The use of & closed anesthetic system is dependent upon the
removal of carbon dioxide from the expired air and addition of
oxygen to the mixture to replace that which is used. Jackson
(156), 1916, was the first to use such a procedure experimentally
for anesthesia in animals. e showed that after the animal was
in the desired plane of anesthesia, it could be maintained in this
level by rebreathing into a closed system in which the carbon
dioxide was removed and oxygen added. The animal does not
destroy the anesthetic, and the only need for adding extra ether
after the desired plane was reached, was to replace that which
was taken up by the fat and tissues of the body. Waters (338)
was the first to adapt the observation of Jackson to clinical
anesthesia. In discussing the contribution of Jackson to clinical
anesthesia Waters states:

In 1916 Denms Jackson of the University of Cincinnatt demonstrated that
by absorbing expired carbon dioxide 1n alkali, amumals could be confined indefi-
mitely n a closed space contaming an anesthetic mixture. The only necessary
addition to the micture was, he found, sufficient oxygen from minute to minute
to replace that used out of the muvture as it diffused into the blood from the
ammal’s alveoli He determined that there was no oudation of the common
anesthetic agents while m the body and practically no exeretion, other than
through the lungs Jackson thus called attention to a fact which, when apphed
to chnieal anesthesia, was destined to eiminate many of the unphysiologie side
actions previously idered necessary acc i of inhalation anes-
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thesia. With a completely elosed respiratory system and the absorption of earbon
dionide, the vapor of agents such as ether could be inhaled in a warm and moist
atmosphere. The body temperature of patients subjected to long periods of anes-
thesia need no longer be expeeted to become depressed. Irritation and stimulation
of the respiratory tract was less, resulting in quict breathing during operation
Reflex stimulation of perspiration from cold inhalations was less frequently scen,
which, taken together with the maintenance of o pletcly moist here
for inhalation, resulted 1n considerable reduction in visible water loss during the
following operations. Quicter respiratory activity resulted in a decreased amount
of work being performed during anesthesia. With the resultant decreased demand
for onygen, a greater margin of safety was made available n anesthesia with
certain gases. The technical difficultics of administration were, in the main,
simplificd The quantity of anesthetic agents used was greatly reduced, The
anesthetist no longer need choose one anesthetic agent for private patients and
another for ward cases on the ground of a differcnce in cost. The atmosphere of
operating rooms was no longer saturated with anesthetic gases and vapors. Fire
and explosion hazards were thus greatly reduced and surgical teams found them-
selves free of the chronie effects of ether and other drugs.

MACHINES AND ACCESSORY APPARATUS FOR THE CLOSED TECHNIC

The anesthetic machines used at the present time are based on
the work of Jackson. Two general types of carbon dioxide ab-
sorbers may be mentioned first, the to-and-fro absorbers, which
were developed by Waters, are canisters of such capacitics that
one-half to one pound of soda lime will fill them. This canister is
connected to the face mask by a slip joint; the other end of the
canister is connected to the bag contamning the anesthetic-oxygen
mixture, thus the tidal air passes through the soda lime canister
both during inspiration and expiration, Second, the circle absorber
or filter as developed by Foregger (103) and Sword (323). In this
type of absorber there are two large tubes connecting the face
mask, filter, and anesthetic-oxygen reservoir, one an inspiratory
and the other an expiratory tube; the circulation of the mixture
through the soda hime is controlled by valves of different types.
In either type one may shunt the mixture around the soda lime
filter so that if it is desired, the carbon dioxide may be retained
for a few minutes to stimulate respiration. Sce Woodbridge (347)
for a detailed discussion of this subject.
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The modern machine is built so that several gases are available
for use when needed; all have flow meters of onc type or another
so that the anesthetist may know exactly how much of each agent
is heing added at any time, For the administration of cyclopropane
the machine should have a fine flow meter if continuous adminis-
tration is to be used throughout the anesthetic period, as advised
by Burford (46) and Morris (223).

A closely fitting face mask is necessary for the use of the closed
system during induction of anesthesia and is generally used
throughout the anesthetic period; however, if it is indicated, a
tracheal catheter, Magill or Guedel, may be inserted and attached
directly to the anesthetic system.

PREMEDICATION

There are certain definite results which one expects to obtain
by preanesthetic medication. Atropine or scopolamine is given
routinely regardless of the other agents. Leake (179) in discussing
“Chemical Adjuncts to General Anesthesia™ states that “atropine
was introduced as an adjunct to chloroform anesthesia in order
to prevent reflex stoppage of the heart during the induction of
chloroform anesthesia by paralyzing the peripheral endings of
the vagi” and that its use should be reserved for this purpose;
in relation to the use of scopolamine he states that

m the absence of any eritical evaluation of its usefulness as a preancsthetic hyp-
notie, there scems hittle justification for its continued employment merely be-
cause of a clinical routine or habit. It is chemically related to atropine and has
somewhat the same type of action as atropine on the autonomic nervous system.

Thas has no special value in preanesthetic medieation, but may introduce delete-
rious factors

With the amount of these drugs given (.3 to .65 mgm.), the re-
duction of secretion from the glands of the oral and respiratory
mucosa is the main beneficial effect; neither atropine nor scopola-~
mine in these amounts produces any peripheral paralysis of the
vagus to the heart, but both may stimulate the vagus center and
cause o slowing of the pulse. McGuigan (204), Harris (142),
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Platz (256), and Kochman (172) have shown that atropine or
scopolamine in doses of .75 mgm. or less subcutaneously actually
reduces the heart rate 12 to 15 beats per minute; however, if the
dose of atropine is increased to 1.2 to 2 mgm., there is a marked
rise in rate after 15 to 30 minutes, but this rise is usually preceded
by a definite reduction in rate as shown by Sturgis ef al. (315).
Smith et al. (306), Crawford (76), and Nicholson (230) have shown
that doses of atropine of 1 mgm. or more will release the effect
of the vagus upon the heart rate, but this dose is larger than the
one used eclinically in anesthesia.

The other agents—morphine, opium, barbiturates, avertin,
and so forth—are given with several aims in mind: first, to put
the patient in a quiet state and relieve anxiety; second, to make
induction of anesthesia easier for the patient; third, the amount
of premedication given is often of such magnitude that it is ex-
pected to reduce markedly the concentration of the inhalation
anesthetic necessary to produce the desired level of anesthesia.

Practically all anesthetists believe that the amount of the pre-
anesthetic medication should be reduced when cyclopropane-
oxygen is to be given because of the lack of respiratory stimulation
produced by cyclopropane. Waters and Schmidt advise the use of
morphine, 8 to 16 mgm., with scopolamine, .32 to .65 mgm.,
given subcutaneously one and one-half hours before cyclopropane;
others who advise similar premedication are Stiles, Neff, Roven-
stine, and Waters (313), Rovenstine (286), Burford (48), Moffitt
and Mechling (217), and Sanders (291). Neff and Stiles (229)
used similar premedication in diabetic patients.

Several, particularly Griffith (123), Bogan (30), and Wood
(346), prefer to use avertin, 70 to 80 mgm. per kilogram, as a
basal anesthetic in place of morphine.

Pentobarbital (Nembutal) has been used either alone or with
morphine. Gnffith (123), Morgan et al. (219), and Eversole (96)
give 100 to 200 mgm. per average adult, which is a rather large

dose.
In relation to the usc of morphine as preanesthetic medieation,
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it would be of interest to know if barbiturates would abolish the
cardiac irregularities in man as they do in dogs under morphine-
cyclopropane anesthesia, as shown by Robbins, Baxter, and
Fitzhugh (279). A earefully controlled clectrocardiographic study
on clinieal patients would probably show that the barbiturates
would give protection as is indicated in the last sentence of an
excerpt from The Lancet of September 23, 1039, page 704 (10):

The inereasing usc of cyclopropane gives importance to the selection of the
most appropriate drug for premedication when one wants to give some adjuvant
sedative or hypnotic before the anesthetic itsell. The fact that eyclopropane is
1n 1o sense a respiratory stimulant—sherein it differs from some other anes-
theties—would in itself probably make anesthetists chary of using beforchand
any agent that tends to depress the breathing. Chief among these is morphine,
and the belief that this should be avoided before administering eyelopropane is
strongly supported by some experimental studies in the United States.* These
show that dogs given morphine before eyclopropane react less favourably to the
anesthetic. Not only is respiratory arrest more readily brought about but also
certain irregularities appear before the respiratory arrest—a phenomenon rarely
met in dogs having cyclopropane alone On the other hand, the investigators
found that barbiturates given beforchand had a beneficial cffect, to the extent
that dogs treated with them behaved better not only than those which had
morphine but also better than those given cyclopropane only. They believe that
whereas eyclopropane intensifies the bradycardia and arrhythmia of dogs given
morphine, the barbiturates lessen vagal tone and deerease the irritability of the
antomatic tissues of the heart; a barbiturate should therefore be given in place
of morphine when cyclopropanc 1s used clinically These experiments will confirm
a practice that has already been adopted, on experimental grounds, by a good
many of the anesthetists who have wide experience of cyclopropane.

The paragraph immediately above the quotation from The
Lancet, was written at a tune in which we were pharmacologists
with no experience in the clinical use of anesthetics. Since that
time, our position has changed and we have become anesthesiol-
ogists with an interest in the pharmacology of the anesthetic
agents and their effect upon the human subject. We have, during
the past few months, been running a study upon the electrocardio-

* Robbins, B H., Bavter, J H., Jr, and Fitzh A
1, 109 o ,Jr, 1tzhugh, O G nn, Surg., 110,
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graphic changes during intubation under cyclopropane anesthesia
and during the anesthesia for the operative procedure and have
been interested in the preanesthetic medieation in relation to any
changes that may occur and also the effect of intravenous drugs,
barbiturates, or atropine upon termination of cardiac arrhythmias
that develop during the operative procedure. Our procedure was
to take a control record using lead II before the anesthesia was
started. The subject was then anesthetized with a cyclopropane
and oxygen mixture of approximately twenty-five per cent cyelo-
propane. When the plane 2 of surgical anesthesia was reached,
the viso-cardiette was started running and the intubation made
with continual recording of the electrocardiogram until the sub-
ject was intubated and reconnected to the gas machine by way
of the inspiratory and expiratory tubes. At intervals of fifteen
minutes or less thereafter throughout the procedure, records were
made, and in addition, upon any evidence of arrhythmias either
by looking at the movement of the stylus or that might be sus-
pected by palpation of the pulse, further electrocardiograms were
made and analyzed for any possible arrhythmias.

The first group of patients, 64 in number, received only pheno-
barbital, approximately 1 mgm. per pound, and atropine for pre-
anesthetic medication. Three of the 64 patients showed arrhyth-
mia before anesthesia. During the induction period arrhythmias
were observed mn 9 patients, 5 with bigeminal rhythm, 3 with
auriculoventricular nodal rhythm and one with premature ven-
tricular systole, which persisted during intubation, and one pa-
tient developed multiple focus ventricular extra systoles immedi-
ately following intubation. As a rule, 10 to 15 seconds elapsed from
the time the viso-cardiette was started until laryngoscopy and in-
tubation were completed and about 20 to 25 seconds until the
anesthetic system was reconnected and respiration supplemented
by pressure in the breathing bag. Cardiac arrhythmias were noted
during induction and/or during anesthesia for the operative
procedure in a total of 16, or 25 per cent, of the 64 patients who
received barbiturate premedieation, these werc 3 with auriculo-
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ventricular nodal rhythm, 3 with premature ventricular « sstole,
one with multiple focus ventricular systole, and 9 with higeminal
rhythm,

The intravenous injection of sceobarbital, 1 mgm. per kilo, was
effective in correcting the arrhythmia, within 20 to 40 seconds, in
six of seven patients with bigeminal rhythm and in one of three
patients with auriculoventricular nodal rhythm. Records from two
patients in this series all shown in figures 63 and 64.

The second group of patients, 50 in number, received only
morphine, 1 mgm. per 15 pounds body weight, and atropine for
preanesthetic medication. During the period of induction of anes-
thesia and before intubation arrhythmias were noted in 11 pa-
tients, 2 with bigeminal rhythm, 8 with auriculoventricular nodal
rhythm and 6 with multiple focus ventricular extrasystole, and
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Fi 63. Electrocardiographic records from patient F , female, age 50, weight
120 pounds Operation transthoracic repair of trsumatic perforation of th; esoph-
agus. Soluble phenobarbital .12 gram at 1'30 P.M , atropine 0004 gram at 2:30
P M Control record at 3.04 P M. Cyelopropane-oxygen at 3:05 P M Enéu-
tracheal intubation between 3 10 and 3:10 15" The bigeminy, which was present
before intubation persisted even with excessive supplementation of the respiration
until 3.30 PM at which time seconal, 75 mgm , was given intravenously. The

rhythm reverted to normal within 30 seconds and remained so throughout the
operation
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Fi¢ 64 Tlectrocardiographie records from patient A , female, age 60, weight
120 pounds Operation for intestinal obstruction. Soluble phenobarbital .12 gram
at 1:30 P M , atropine 0004 gram at 2:30 I M. Control record at 3:20 P M, eyclo-
propane-oxygen at 3:21 P M. Endotracheal intubation between 3:25 and 3:25 30"
P.M At 4:00 P M A-V dissociation recorded and at 4:05 seconal 50 mgm. given by
antecubital vemn, with reversion to normal in 30 seconds for a pertod of 18 minutes
when nodal rhythm was noted At 4:21 a second 1njection of seconal 50 mgm, was
given, and normal pace maker re-established for5 minutes. At 4:32 atropine sulfate
.1 mgm was given by vemn, and the sino-auricular node became dominant and re-
mained so through the remainder of the anesthesia.

bigeminal rhythm was noted in two more patients immediately
following intubation. Cardiac arrhythmias were noted during in-
duction and/or during anesthesia for the operative procedure in a
total of 29, or 58 per cent, of the 50 patients who received morphine
as preanesthetic medication: there were 8 patients with auriculo-
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Fic. 65 Electrocardiographic records from patient I , female, age 45, weight
150 pounds, Operation, cholecystectomy. Morphine sulfate 01 gram at 6:30 A M.,
atropine QW04 gram at 7:30 AM Control record at 8:50 AM. Cyclopropane-
oxygen anesthesia at 8:53 A M Endotracheal intubation immediately following
record at 8:57 A M. The bigeminy with single focus ventricular extrasystole per-
sisted unti] 9:04, at which time seconal 75 mgm was given by vein and the rhythm
became regular at 9:04 45” and remained so during the anesthesia

ventricular systole, 10 with bigeminal rhythm and 8 with multiple
focus ventricular systole.

In 21 patients in whom the arrhythmia persisted sufficiently
long to warrant the use of secobarbital, 1 mgm. per kile, intraven,
ously the rhythm was returned to normal, within 20 to 40 seconds
after the injection, in 16 of 17 patients that had premature
ventricular systole, bigeminal rhythm or multiple focus ventrieular
systole, but was of no value in 4 patients that had auriculoventrie-
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Fic. 66. Electrocardiographic records from patient B , female, age 53, weight
140 pounds. Operation cholecystectomy and repair of ventral herma. Morphine
sulfate O1 gram at 6:00 A M., atropine 0004 gram at 6:45 A M. Control record at
8:00 A M. Cyclopropane anesthesia at 8:01 A M. Endotracheal intubation be-
tween 8:05 and 8:05 30" AN Marked ventricular arrhythmia between 8:08 and
8:13 A M, at which time seconal 70 mgm. was given by vein. Rhythm became reg-
ular in 24 seconds and remained so throughout the operation.

In no instance in the cases above (figs 63-66) was the concentration of eyclo-
propane i the anesthetic system reduced by the rapmd addition of oxygen

ular dissociation or nodal thythm. Records from two patients from
this series are shown in figures 65 and 66.

Thus in 22 of 24 patients in the two series in which the arrhyth-
mia was of ventricular origin the intravenous administration of
secobarbital was effective in causing a return to normal rhythm
whereas 1n only one of 7 cases where the arrhythmia was of supra-
ventricular origin was the rhythm reverted to normal and in this
one nstance the duration of effect was for only 15 to 20 minutes;
atropine, 0.2 mgm., intravenously caused a permanent return to
normal in this patient. See figure 64.

When one compares the data in our patients receiving barbi-
turate premedication where the frequency of cardiac arrhythmias
was 25 per cent with those of our patients receiving morphine pre-
medication where the frequency of arrhythmias was 58 per cent,
and with the data of Burstein et al (53) where the frequency of
arrhythmias during intubation in patients premedicated with
morphine and given cyclopropane was 62 per cent and combined
with the observation in 22 of 23 patients showing the most fre-
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quent types of arrliythmias observed during cyelopropane anes-
thesia that the intravenous administration of sccobarbital was
followed with a reversion to normal rhythm, one comes to the
conclusion that barbiturates are to be preferred over morphine
for premedication of the patient that is to reccive cyclopropanc.

Joseph and Denson (83A) in 1934 reported a careful study upon
cardine rhythm and endotracheal intubation under cyclopropane
anesthesia, Their procedure was to have a continuous recording of
the electrocardiogram from the control period before the begin-
ning of the anesthetic through the induction, the intubation and
the immediate post-intubation period. Their patients were given
meperidine and atropine or scopolamine premedication and in-
duced with eyclopropane and oxygen or with 50 to 200 mgm.
thiopental. Anesthesia was then deepened with eyclopropane until
the patients were sufficiently relaxed for endotracheal intubation
to be completed with ease. This depth of anesthesia required con-
trolled respiration and all patients were apneic during the maneu-
vers of intubation. In only 4 instances in two cases were arrhyth-
mias produced during the period of intubation and these were due
to inadequate ventilation and excess digitalization. In 19 of 106
cases arrhythmias were observed within 6 seconds to 4 minutes
after intubation and 1 second to 3 minutes after controlled respira-
tion with oxygen had been resumed. These arrhythmias were cor-
rected within 30 seconds to 9 minutes by increasing or improving
the pulmonary ventilation presumably with oxygen alone.

RCACTION OF THE ORGANISM OR SIGNS OF ANESTHESIA

The reactions of the organism or signs of anesthesia with cyclo-
propane are fairly close to those with ether, the most marked
difference being that of lack of respiratory stimulation with
cycl?propanc, this is due probably to the lack of irritation to the
respiratory tract and the high oxygen content of the cyclopropane-
oxygen anesthetic mixture.

The first stage, or analgesia, is produced in the non-premedi-
cated man with a 6 per cent concentration (298). Due to the
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potency of cyclopropane and its rapid absorption, stage II, or
the stage of excitement and delirium, is usually not observed.
Stage III, plane 1, is reached when breathing becomes regular
and the eyeballs oscillate; in the premedicated subject about 7
per cent cyclopropane is required for this plane of stage IIL As
the patient passes through the first plane, there is 2 reduction of
eyehall movement, and when plane 2 is reached, the eyeball is
still and the pupil centrally located in the palpebral slit; 13 per
cent cyclopropane is necessary for this level. During the third
and fourth planes of stage III there is a gradual reduction of the
amplitude of respiration; 23 per cent cyclopropane is sufficient
to bring the subject to this level. Respiratory arrest, or stage IV,
is reached with an average of 42 per cent cyclopropane (Waters
and Schmidt (341)).

In the deeper planes of stage I11, very careful and almost con-
tinuous ohservations on the pulse rate and rhythm and amplitude
of respiration are necessary. Due to the high oxygen content, the
color of the patient remains pink even after intercostal paralyis,
but if the concentration of cyclopropane is too high, changes in
the rate or rhythm of the pul~e will develop, and then the eyclo-
propane should be reduced by the rapid addition of oxygen.

Eversole, Sise, and Woodbridge (96) helieve that the rigns of
anesthesia as outlined by Guedel (200) are satisfactory for cyclo-
propane if induction is not too rapid and if changes in the levels
of the third stage are brought about gradually. They advise close
observation of the pulse and pressure.

Guedel, in his discussion of eyclopropane anesthesia, states that
the classification of the signs of anesthesia that he described in
1923 is not applicable to the patient under c¢yclopropane anesthe-
sia. He depends upon the following for his determination of the
planes of anesthesia- First, the respiration; second, the color of
the patient; and third, muscular relaxation. A supplement to
these is the A.C.R., arteriolar capillary refill time, which he first
described and stated as a ratifactory rough estimation of the
circulatory function of the patient. This is the time neces-ary for
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the refilling of the capillaries after they have been blanched by
pressure. . .

Romberger (283) has given a concise description of the signs
of anesthesia under cyclopropane. e is of the opinion that the
action of eyclopropane is so rapid that there is no need to differ-
entiate between stage I (analgesia) and stage 1I (delirium), or to
separate stage IIT (anesthesia) into the customary four planes so
carefully described by Guedet (132). Romberger divides the proce-
dure into three levels: first, induction, from the awakened state
to the loss of the lid reflex; seccond, moderale anesthesia, that level
of surgical anesthesia during which the eyeball oscillates; and
third, decp anesthesia, in which the eye is centrally fixed and there
is a reduction of respiratory activity. As the stage of respiratory
arrest is approached, both the depth and rate of respiration are
reduced.

Eversole, Sise, and Woodbridge (96) state that if induction is
rapid, the established signposts of the depths of anesthesia are
not as well marked as with ether; however, they feel that if indue-
tion is fairly slow, the different levels may be satisfactorily ascer-
tained. The first and second stages are rapidly passed without, as
a rule, any delirium or excitement. The third stage, or first plane
of surgical anesthesia, is entered at the time of abolition of the lid
or wink reflex. The second plane is entered as the movements of
the eyeball cease. As one progresses in the second plane to the
third, the pupils begin to dilate, and further increase in depth
leads to a reduction of rate and amplitude of respiration. They
feel that close observation upon the respiratory activity is of
greatest value in determining the condition of the patient.

Waters and Schomdt (341) attribute the difference of physical
signs under cyclopropane from those under ether to two charac-
teristics of cyclopropane: first, it has very little irritant effect
upon the respiratory tract, so that the patient will inhale high
concentrations without the production of laryngospasm, which
183 prqtechve mechanism against the inhalation of too high con-
centrations of other agents, second, cyclopropane is not a respira-
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tory stimulant, and becau<e of the high oxygen content of the
anesthetic mixture, respiration is not increased unless carbon
dioxide is permitted to build up to a high concentration. They
find that the abolition of the lid reflex Is indicative of entrance
into stage II1 (surgical anesthesia) and that cessation of oscilla-
tion of the eveball occurs as one enters plane 2 of stage I1I. Planes
3 and 4 cannot be separated because there i< a gradual diminution
of amplitude of respiration as the intercostal activity is abolished
and diaphragmatic breathing takes over the load of respiratory
effort. The fourth stage is reached as respiratory activity stops.

TECHNIC OF THE ADMINISTRATION OF CYCLOPROPANE

After the premedication has been given and sufficient time hss
elapsed for the desired effect to be fully developed, usually thirty
to ninety minutes depending upon the type and route of admini=-
tration of the preanesthetic drug. the cyelopropane may be
started.

There are many modifications of technic for administering
cyclopropane for anesthesia. but certain generalizations are pos-
sible. Usually the bag is filled with oxygen so that it will be more
than adequate for tidal exchange (1000 to 3000 cc.). The mask
is then placed on securely; oxygen at 500 ce. per minute and
cyelopropane at 200 to 500 cc. per minute are run in until the
patient enters the third stage, at which time the flow of oxygen
is reduced to the metabolic need (about 2C0 to 300 cc. per minute)
and cxclopropane is cut to about 100 ec. per minute. This flow is
continued until the desired plane is reached, at which time the
flow of evelopropane may be continued at 20 to 50 ce. per minufe
or stopped entirely for several minutes. The continuous adminis-
tration of a very small amount of cyclopropane should give a
more constant level of anesthesia than the intermittent addition
of cyelopropane. During the maintenance of anesthesia it is neces-
sarv to add only enough cyelopropane to balance that which
e=capes into the operating room and to replace that which is
depo-ited in the fat and tissue~ of the body.
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The carbon dioide filter may be cut out of line during the in-
duction, or it may be left in; induction is more rapid with it out,
but some feel that it is better for safety to leave it in all the time.

1f the anesthesia becomes too deep, the dilution of eyclopropane
by a rapid flow of oxygen into the bag will soon bring the patient
back to a lighter level.

Tversole, Sise, and Woodbridge (96) use the following technic.

The induction is started with the soda lime filter excluded from
the breathing circuit, and it is switched into the circuit later as
respiratory stimulation, due to accumulation of carbon dioxide,
is noted, After the bag is sufficiently filled to be adequate for tidal
exchange, the mask is placed on and oxygen at 1000 cc. per min-
ute and cyclopropane at 200 ce. per minute are started. The flow
of cyclopropane is then increased by 100 cc. units until 500 cc.
per minute flow is reached; at least two breaths are taken between
each increase of flow. The oxygen flow is cut to 500 cc. per minute
and the flow of cyclopropane at 500 cc. maintained until surgical
anesthesia is produced, after which cyclopropane is cut to 50 to
100 ce. per minute until the patient is more or less equilibrated
with the eyclopropane concentration in the bag. Then the flow of
cyclopropane may be stopped completely, but they feel that a
given level can be best maintained if there is a continuous flow at
a low rate.

Sahler and his associates (290) have reported on the use of
cyclopropane in 7,120 cases and have some very pertinent com-
ments to make in relation to its advantages and disadvantages.
Among its advantages are (1) the induction period is eompara-
tively fast and pleasant, (2) it may be given with the high con-
centration of oxygen, (3) the depth of respiratory excursion may
be controlled, thus making the gas an ideal anesthetic for lung
surgery, and (4) under full anesthesia there is quiet breathing and
complete relaxation. The undesirable features are (1) it is explosive
i anesthetic concentrations, (2) there is somewhat more bleeding
und?r the anesthetic than most others, (3) there is danger of
respiratory paralysis when complete relaxation is obtained, and
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(4) the patient passes from one plane to another plane of anes-
thesia faster than with almost any other agent. They feel that
premedication should be fairly large in that induction was easier
in the patient that was quiet. Morphine and scopolamine or
soluble pentobarbital and seconal were used as the preanesthetic
drugs. For induction of anesthesia, their technic was as follows:
the bag was filled half full with oxygen and the mask applied to
the patient’s face. After a few breaths, cyclopropane was admitted
at the rate of 600 to 700 cc. per minute while oxygen was flowing
at 250 to 500 cc. After anesthesia was induced, the flow of cyclo-
propane was cut to 40 to 150 cc. per minute and that of oxygen
maintained at 250 to 500 ce. These flow rates give rise to a con-
centration that would produce anesthesia in a relatively short
period of time and produce it quite safely. They feel that when an
operative procedure has been of quite some length, carbon dioxide
inhalation intermittently for the twenty-four to forty-eight hours
immediately following the anesthesia is of benefit in maintaining
the patient in a satisfactory state.

A most satisfactory technic for the rapid induction of anesthesia
in the average adult is by the following method. The bag, of ap-
proximately five liters, is filled with a mixture containing equal
amounts of oxygen and cyclopropane. If one assumes that the
residual air in the chest of the patient and the volume of the tubes
and the dead space in the setup totaled approximately five liters,
then when the mixture of eyclopropane and oxygen in the bag is
mixed with that of the dead space in the patient’s lungs and the
tubes, one would end with a mixture containing approximately
twenty-five per cent eyclopropane, thirty-five per cent oxygen,
and forty per cent nitrogen. After three or four breaths on this
mixture of fifty per cent oxygen and fifty per cent cyclopropane,
the flows are reduced to 300 ce. of oxygen and 100 cc. of eyclo-
propane per minute; in two to three minutes on this mixture the
patient will be in plane 1 to 2 of surgical anesthesia. If deeper
levels are needed, it could be maintained at that flow, but if that
level is sufficient, then the flow of cyclopropane could be eut down
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to 25 to 50 ce. per minute with the oxygen at the rate of approxi-
mately 300 cc. per minute or the average rate of oxygen consump-
tion in the individual.

France (104) has published a description on cyclopropane anes-
thesia, a technic suitable for infaunts, in which he states that he
used only atropine for preancsthetic medieation without any other
drugs which might depress respiration. Ie uses a relatively high
flow rate of 1.25 liters per minute of oxygen, 3 liters per minute
of nitrous oxide, and 750 ce. per minute of eyclopropane which
give a concentration of approximately 15 per cent. France particu-
larly liked the high flow in that after long operative procedures,
there was no so-called cyclopropane shock observed. Smith (304),
in his comments on this paper, has this to say:

Two recommendations are made in this paper. The first, that cyclopropane
be used for infants is unquestionably an excellent one. Cyel is extremely
well suited for use in infants and it only scems unfortunate that it has not been
more widely aceepted.

The second t dation is that cycloprog be administered in semi~
closed technique flowing at 750 cc. per minute with oxygen and nitrous oxide at
125 and 3 liters respectively. This specific technique is chosen because of the

h tic objections to hods using lower flows of gases, namely, that soda
Iime offers resistance to respiration, that bleeding 1s i d and that there is
mcreased nisk of eyclopropanc shock.

The high flow rate of cyclopropane suggested in this paper seems expensive
and relatively dangerous from the explosive standpoint. The objections to low
flow technique are perhaps over emphasized Administration of cyclopropane by
 to and {10 method has been the standard procedure for poor risk and premature
infants for some years at Children’s Hospital in Boston. Flow rates have been
m the range of 150 to 200 ce of cyclopropane and 400 o 500 ce. of oXygen per
Kunum This fiow allows for occasional rinsing of the system to wash out carbon

ovide
McQuiston of Chicago has had excellent results with a truly closed to and fro
system in infants using flow rates of 5 to 10 cc. of eyclopropane and 100 te 125

ce of oxypen Naturally, respiration must be assisted in nny technique using
eyclopropane

Due to the rapid rate of absorption and elimination of cyclo-
propane one may very readily increase or decrease the depth of
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anesthesia by the addition of more eyclopropane or oxygen, re-
spectively.

During the anesthetic period the rate and rhythm of the pulse
and rate and amplitude of respiration should be watched carefully.
Any quick change from a normal pulse rate and rhythm to a
marked bradycardia, tachycardia, or arrhythmia demands a
reduction of the concentration of eyclopropane in the bag by the
addition of oxygen; likewise, the development of a slow, shallow
respiration indicates that the patient is too deep even though there
is no sign of cyanosis, and oxygen should be added to reduce the
concentration of cyclopropane in the bag.

The recovery from cyclopropane anesthesia is rapid when com-
pared to ether. Due to the fact that at the end of anesthesia with
cyclopropane-oxygen there is little or no slowly absorbable gas
in the lungs, it is desirable to have the patient rebreathe a mixture
of air and oxygen or helium and oxygen before the mask is re-
moved; in fact, Burford (47) advises the use of a small amount
of helium throughout the anesthetic period to prevent atelectasis
due to collapse of the alveoli because of complete absorption of
the cyclopropane-oxygen mixture.

In his paper of 1945, Waters (340) has summarized his impres-
sions gained over a period of fifteen years in the use of cyclopro-
pane in about 25,000 patients at the Wisconsin General Hospital.
Of major importance in preparing the patient for the operative
procedure 1s that of premedication, and with cyclopropane Waters
feels that somewhere between one-quarter and one-half of the
ordinary dose of morphine and barbiturate suffices for the pre-
medieation, without producing 2 marked depression of respira-
tion. He feels that the respiratory depressant action of the pre-
anesthetic drugs plus the depressant action of eyclopropane on
respiration when combined in ordinary doses depressed the res-
piration too much and recommends that the preanesthetic medica-
tion be cut to one-fourth or one-half of the ordinary dose. He
feels that either scopolamine or atropine may he used to depress
the parﬁsympaﬂletic division of the autonomic nervous system
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in relation to salivation and bronchial sccretion. In his earlier
work, both in the laboratory and in the elinic, the cifect of eyclo-
propane on the cardiovascular mechanism was very carcfully
observed, and the bradyeardia of sixty to seventy per minute was
almost routine in patients that were skillfully and decply anesthe-
tized. Occasionally the pulse would drop to as low as 50, and not
infrequently under such conditions a tachycardia might soon ensuce
unless, as he states, the concentration of cyclopropane in the
inspired mixture be rapidly reduced by the addition of oxygen to
the mixture. He has found no need to add ether, barbiturate acid
derivatives, or procaines to the patient in order to prevent brady-
cardia or arrhythmias because he feels that dilution of the eyclo-
propane with oxygen is a more satisfactory method of control.
He does not feel that cireulatory disease is & contraindication for
the use of cyclopropane if a general anesthetic agent is needed.
His last paragraph in the summary is an excellent and brief de-
scription of what can be done with cyclopropane from a beneficial
effect and also what may be undesirable. “My experience of nearly
fifteen years with cyclopropane leaves me with the personal im-
pression that this agent permits rapidity of control of the depth
of anesthesia impossible with other inhalation agents. However,
this very fact may result in unfortunate and disastrous results
when ignorance or carelessness accompany the administration.”

In 1951, Griffith (125) reported on the results of his observation
on some twenty thousand personally administered anesthesias
with cyclopropane, and most of these observations were made
during a period in which approximately ninety-six per cent of all
the surgical procedures were carried out under cyclapropane
anesthesia. Of particular interest in this summary are those ideas
that he presents under the heading of “Keeping Out of Trouble”
of which there are four primary principles: (1) Maintenance of 2:
free and unobstmcted. airway. He does not require the intubation
gile:l??sll)izzlte::t th:g‘f‘sm:;{iit cXIclogxlvlopane, but he will intubate
anesthesia any‘\\'hSre even for. tl no ﬂo.t B cyclupr.o L

) 1e most minor procedure, without
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having immediately available a laryngoseope and endotracheal
tube. This is the kind of insurance that pays off in an emergency.”
(2) The maintenance of adequate pulmonary ventilation for two
reasons: First, to insure adequate oxygen to the tissues; second,
to remove the carbon dioxide as it is formed in the body. (3) The
maintenance of a smooth level of anesthesia. (4) Keeping the con-
centration of cyclopropane as low as possible as long as adequate
anesthesia is present. He is in agreement with Dripps that the
cyclopropane shock which one occasionally sees after 2 prolonged
anesthesia with cyclopropane is due to an abnormal build up of
carbon dioxide in the blood during the operative and anesthetic
procedure, and as soon as this is terminated, the fall in pressure
results from the rapid blowoff of the carbon dioxide. In his wide
personal use of eyclopropane, he has not found it necessary to
avoid the use cyclopropane in patients with organic heart disease.
In fact, he prefers to use cyclopropane in patients with cardio-
vascular disease for several reasons: First, cyclopropane is non-
irritating Seeond, it is used with adequate or excess oxygen so
hypoxia 1s much less likely with cyclopropane in oxygen than with
other agents. If, during the cyclopropane anesthesia, cardiac ir-
regulanities develop and persist, he prefers to reduce the coneen-
tration of the anesthetic and use a relaxing agent like curare to
produce the relaxation in a lighter plane of surgical anesthesia.
I should like to quote the final lines of his paper on the clinical
evaluation. “The anesthetist who uses cyclopropane should not
be afraid of it but he should know what he is doing. Eternal vigi-
Iance is the price of safety.”

There are two papers i the literature which deserve singling
out for their excellence and for the information one may gain by
reading just these two, if nothing else. They are “Cyclopropanc
Anesthesia” by Waters and Schmidt in 1034 (341) and “The
Present Status of Cyclopropane,” report, of Council on Pharmacy
and Chemistry of the American Medical Association (71). The
information contained in these two papers forms a satisfactory
basis from which one may continue further reading on cyclopro-
pane as an anesthetic agent.
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Complications During and Following
Cyclopropane Anesthesia

Postoperative complications following cyclopropane anesthesia
are no more frequent nor of different types than those observed
following the use of other inhalation anesthetics.

Gebauer and Coleman (107) reported a ease of postanesthetic
encephalopathy following cyclopropane anesthesia. The patient
was under cyclopropane for two hours and thirty-five minutes for
a thoracoplasty. Late in the operation there was a fall in pressure
to 90/60 with a rise in pulse rate from 70 or 80 to 145; after com-
pletion of the operation and return to the ward, the pressure was
115/60 three hours later, but during this period there was cyanosis
for some thirty minutes. The patient never became rational after
the anesthesia and died seven days later. Autopsy with pathologi-
cal examination of the brain showed changes similar to those pro-

d.uce.d by anoxia. An excerpt from the report of the neuropatholo-
Bist is given below:

There is a remarkable resemblance of these changes to those seen in the brain
damaged by ischerma from vascular oeclusion which leaves hittle doubt that the

encephalopathy described (which 1s a pure degenerative process) is of anoxemic
ongin. *

In discussing the possible factors in this case the authors believe
that fmoxia was the most probable cause of the disturbance.

(_}rlﬁith (124) reported a case under cyclopropane anesthesia
which de\.reloped convulsions forty minutes after the nose was
packed with 2 per cent nupercaine for submucus resection of the
nzfsal scp.tum; the first signs were twitching in the hands and arms,
with r:.xpul extension to the muscles of the neck and face. Oxygen
Wwas given without results; coramine increased respiration but

209
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made the convulsions worse. Amytal, .5 gram intravenously,
stopped the convulsions immediately and the patient had no fur-
ther trouble. Griffith believes that the convulsions were related
to nupercaine intoxication and not to the cyclopropane.

Headache and excitement were about as frequent after cyclo-
propane as after ether or ethylene in the cases reported by Waters
and Schmidt (341).

Tidmore (336) mentioned no central nervous system disturb-
ances in his series of patients, some of which were under cyclo-
propane anesthesia for six to eight hours. Moffitt and Mechling
(217) found more headache after cyclopropane anesthesia than
after nitrous oxide but less than after ether, ethylene, or spinal
anesthesia in patients having major operations.

There have been several reports on the postoperative respira-
tory complications following cyclopropane anesthesia, with com-
parative data using other anesthetic agents. Those reports of
Waters and Schmidt (341), Taylor, Bennett, and Waters (320),
Moffitt and Mechling (217), and Burford (48) show that cyclo-
propane anesthesia produces less respiratory complications than
ether and other agents.

In the data of Taylor ¢ al. (326}, compiled from 12,349 cases,
there are certain definite facts established, and these are that re-
gardless of the anesthetic agent used, the incidence of postopera-
tive respiratory complications increases with the increase of dura-
tion of the anesthesia, with increase in depth of anesthesia, and
with increase in grade of the surgical risk. A summary table (ta-
ble 51) of postoperative respiratory complications classified ac-
cording to the anesthetic used and type of morbidity is given

These data show that the postoperative pulmonary complica-
tions are no more frequent after cyclopropane anesthesia than
after other agents and that the major complications are less with
cyclopropane than with ether.

Burford (48), in his study of postoperative pulmonary complica-
tions, found an incidence of .97 per cent in 1,333 cases anesthetized
with cyclopropane. He reported that, in abdominal cases in which
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Tante 51*
Postoperalive respiratory complications

“Total Cases
Cally Ether O Lthylene | Procaine
55 2431 1299 1,019 1,
percent | persent | percent | peecent | per cent
Major complications .
Tneumonia ¢.63 | 0.01 046 | 0.20 1.57
Massive collapse .10 029 0 0.10 0.16
Partial collapse 0.20 062 0.38 0.59 .16
Pulmonary edema .| 0.02 0 0 0 ¢
Total . . .| 0.95 1.82 081 0.98 18
Minor complications
Cough 5.27 5.80 377 6.96 6.45
Pharyngitis or laryngitis 2.14 1.60 2,77 2.65 1.07
Bronchitis or tracheitis . 0.27 068 015 020 0.32
Other minor complications 1.49 267 138 1.67 4.05
‘Total 9.18 |10 65 808 |11.58 |11.92

* Taylor, Bennett, and Waters: Anesth, and Analg , 16, 189, 1937 (326).

cyclopropane was supplemented with ether, in 303 patients the
incidence of respiratory complications was 2.97 per cent, whereas
in 214 cases under cyclopropane alone the incidence was only .93
per cent.

Jones and Burford (162) reported four cases of massive atelec-
tasis following cyclopropane anesthesia, three of which were con-
firmed at autopsy, the fourth patient showed signs of massive
collapse three minutes after the anesthetic was discontinued,
respiration stopped, and the patient became very eyanotic, after
which the heart begain to fail, artificial respiration and the ad-
ministration of oxygen produced a return to normal in a few min-
utes.

The massive atelectasis or pulmonary collapse following cyclo-
propane-oxygen anesthesia is thought to be due to the rapid ab-
sorption of all the cyclopropane and oxygen in the distal alveoli,
which in the absence of a slowly absorbable gas (nitrogen) causes
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the alveoli to collapse. Jones and Burford advise the addition of
helium to the anesthetic mixture to prevent this collapse.

Moffitt and Mechling (217), comparing the frequency of post-
operative pneumonia in 200 cases under each anesthetic, found
the incidence after cyclopropane to be the same as after ether but
less than that after nitrous oxide and spinal anesthesia.

Griffith reported a case of acute pulmonary edema in a patient
anesthetized with cyclopropane for repair of a hernia. After the
operation was about half through, cyanosis beeame noticeable and,
on inserting an airway, sero-sanguinous fluid came from the tra-
chea; a total of about 12 ounces of this fluid was aspirated through
the tracheal catheter, after which the operation was completed
and the patient recovered rapidly. No satisfactory explanation of
the cause of this disturbance could be found.

The effects of cyclopropane anesthesia upon the heart rate and
rhythm have been discussed in detail in Chapter 3.

Waters and Schmidt (341), Eversole et al. (96), and others
have called attention to the bradycardia, arrhythmia, and rapid
change of pulse rate during anesthesia with cyclopropane. There is
a difference in the reports of various anesthetists upon blood
pressure changes during anesthesia; Waters (339) and Sise ef al.
(301) found no constant change, whereas Rowbothain (288) and
Bogan (29) found rises routinely of 10 to 40 mm.

Kurtz, Bennett, and Shapiro (175) found electrocardiographic
changes 1 a very high per cent of all cases under ether, chloro-
form, cyclopropane, ethylene, nitrous oxide, and procaine anes-
thesia, but in only the patients under cyclopropane were multiple
focus ventricular extrasystoles observed, and since this type of
arrhythmia is frequently scen in experimental animals before
fibrillation, it may be of serious nature in man.

There have been several cases reported of circulatory collapse
and death with eyclopropane anesthesia. Waters (339) reported
two that were probably due to ventricular fibrillation. Both were
in deep planes of stage III anesthesia before the trachen was in-
tubated; neither breathed spontaneously after intubation. Epi-
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nephring was injected dircetly into the heart in one patient, and
from Meck’s (210) later studies this might produce fibrillation.

Cohn (63) reports having had four eases with simultaneous
respiratary and cireulatory failure during eyelopropane anesthe-
sia; in three of the eases failure developed very soon after eyclo-
propane was started. Three were given cpinephrine intravenously,
and two of these recovered.

Guedel and Knoefel (133) deseribe a case which probably died
of ventricular fibrillation. This patient had been inhaling eyelo-
propanc-oxypen for ouly twenty to thirty seconds when she
screamed, took one deep breath and became rigid; immediate
palpation over the carotid and auccultation for heart sounds gave
no evidence of eardiac nctivity. In view of the similarity of these
circulatory failure eases with those under chloroform, and the
fact that Meck and his associates (210) observed two cases of
ventricular fibrillation in dogs under cyelopropane and epinephrine
injection, it is probable that ventricular fibrillation was the cause
of death,

Taylor (325) in 1941 published a paper on cyclopropane anes-
thesia with a report, of the results in 41,690 administrations,

. Of particular interest to one during the period of anesthesia,
if the graph in figure 67 showing the complications during 33,777
administrations, of which approximately thirty per cent showed
some complication during the anesthetic period. The most fre-
Guent complication or alteration from the normal was the marked
11se in blood pressure during anesthesia which was present in 10.8
per cent of all anesthesias. Cardiac arrhythmias, in 6.5 per cent
of the Dpatients, was the second most frequent abnormality ob-
served. In figure 68 are shown the postoperative circulatory com-
plications in the thirty-nine thousand operative and anesthetic
l;;z?;ilt“es with the {requency of approximately ten per cent. It
presxursr:f;:or:stettbat ];i_llzlvng. t'mesthesm, a marked rise in }l)lood
and that th-e l: &p ltn irty-six hundre(.i and sixty-two patients,
phieatio efmma ion of the anesthesm.or postoperative com-

s, marked fall in blood pressure without shock, occurred
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COMPLICATIONS DURING 33,777 ADMINISTRATIONS

481
EXCITEMENT SEVERE Vax
648
EMES LS 1Lox
992
LARYNGOSPASM — 2.9 x
541
RESP OBSTR, FROM MUCUS NS 1.5 %
58
RESP. OBSTR, SEVERE i 5%
248
APNEA REQUIRING C.R, R 7%
481
OVERDOSE — r.ax
39
CONVULSIVE MOYEMENTS Jx
]
DEATH, ALL CAUSES 06 %
2,202
CARDIAC ARRHYTHMIA [ O -5 %
826
BR FALL 1 PULSE RISE 2.5%
3662
MARKED B.R RISE 10.8%
595
SHOCK e 1.7 %
0,107
CASES WITH COMPS, - 299K

Fia. 67 (Taylor Anesthesiology, 2, 611, 1941)

in thirteen hundred and ninety-seven patients, and frank shock in
three hundred and ninety-six subjects. Major respiratory com-
plications, postoperative, were present in 1.28 per cent; minor
respiratory complications in 6.6 per cent of the patients. Gastro-
Intestinal complications were much more frequent than with any
other general system and 37.6 per cent of the patients had some
type of gastrointestinal complication varying from nausea on the
operative day through distention and nausea and vomiting on
more than the operative day. Complications involving the central
nervous system all the way from headache to stupor were present
in 6.4 per cent of the subjects, and genito-urinary complications
were present in 11.8 per cent of the patients with mild retention
accounting for ten of these 11.8 per cent. The overall mortality
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POSTOPERATIVE CIRCULATORY COMPLICATIONS
39,484 OPERATIONS
1,759

TACHYCARDIA

BRADYCARDIA
MARKED B.P. FALL
WITHOUT SHOCW
SHOCK

SEV. HEMORRHAGE
AUR. FIBRILLATION
CARDIAC FAILURE
PUL. EMBOL.,THROM,
CEREBRAL ACCIDENT

CASES & COMPS.
Fig 88 Taylor- Anesthesiology, 2, 641, 1941)

in this series was 2.6 per cent, and the cause of the mortality or at
least the assigned cause of the mortality is shown in figure 69.

Postoperative circulatory complications are relatively infre-
quent following cyclopropane anesthesia. Waters and Schmidt
(341) reported severe drop in pressure in 4.5 per cent of cases after
cyclopropane and 2.5 to 3.0 per cent after ethylene or ether.
Shock was present in 1 per cent after cyclopropane and .5 per
cent after ethylene or ether, Moffitt and Mechling (217) observed
shock in 5 per cent after eyclopropane, 8.7 per cent, after nitrous
oxide, 3.4 per cent after spinal, and 8.5 per cent after ether anes-
thewia in 200 major operations with each agent.

Postoperative nausea or vomiting occurred in 56 per cent after
ether, 39 per cent after eyclopropane, 33 per cent, after ethylene,
and 23 per cent after nitrous oxide in the series of 10,638 cases
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MORTALITY STUDY

39,284 OPERATIONS

CAUSES OF DEATH

ANESTHESIA
CIRCULATORY FAILURE
PNEUMONIA
PERITONIT!S
EXISTING DISEASE
OTHER CAUSES

TOTAL NO. DEATHS
F1a. 69 (Taylor Anesthesiology, 2, 641, 1941)

studied by Waters (341), distention developed in 16.5 per cent
after ether, 13.5 per cent after eyclopropane, 7 per cent after
ethylene, and 3 per cent after nitrous oxide; only cyelopropane
and ether were used for abdominal surgery.

Moffitt and Mechling (217) found less nausea or vomiting after
eyclopropane than after ether or ethylene but more than after
nitrous oxide or spinal anesthesia.

Morgan, Eaman, and Griffith (219) reported that after cesarean
section under ethylene or ether, severe abdominal distention and
ileus developed in 24 per cent and 7 per cent, respectively, whereas
after cyclopropane severe distention was present in only 2 per cent
and no ileus developed. They had 100 cases in each group.

Griffith (123) believes there 1s less distention in general aftet
cyclopropane than after ethylene or ether.

Retention following cyclopropane anesthesia is not infrequent;
Waters (339) found an incidence of 2 per cent after ethylene, 2.8
per cent after nitrous oxide, 54 per cent after ether, and 7.5 per
cent after cyclopropane, he does not believe, however, that the
anesthetic agent 1s the major factor in the postoperative dis-
tention.



COMPLICATIONS 217

Moffitt and Mechling (217) found retention in 5 per cent after
ethylene, 14 per cent after nitrous oxide, 10.5 per cent after ether,
11.7 per cent after cyclopropane, and 25 per cent after spinal
anesthesia. They found less nephritis, cystitis, and hematurin
after cyclopropane than after the other agents.
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MORTALI TY STUDY

39,284 OPERATIONS

CAUSES OF DEATH

ANESTHESIA
CIRCULATORY FAILURE
PNEUMONIA
PERITONITIS
EXISTING DISEASE
OTHER CAUSES

TOTAL NO. DEATHS
Fia 69. (Taylor. Anesthesiology, 2, 611, 1941)

studied by Waters (341); distention developed in 16.5 per cent
after ether, 13.5 per cent after cyclopropane, 7 per cent after
ethylene, and 3 per cent after nitrous oxide; only cyclopropane
and ether were used for abdominal surgery.

Moffitt and Mechling (217) found less nausea or vomiting after
eyclopropane than after ether or ethylene but more than after
nitrous oxide or spinal ancsthesia.

Morgan, Eaman, and Griffith (219) reported that after cesarean
section under ethylene or ether, severe abdominal distention and
ileus developed in 24 per cent and 7 per cent, respectively, whereas
after cyclopropane severe distention was present in only 2 per cent
and no ileus developed. They had 100 cases in each group.

Griffith (123) believes there is less distention in general after
cyclopropane than after ethylene or ether.

Retention following cyclopropane anesthesia is not infrequent;
Waters (339) found an incidence of 2 per cent after ethylene, 2.8
per cent after mtrous oxide, 5.4 per cent after ether, and 7.5 per
cent after cyclopropane, he does not believe, however, that the
anesthetic agent 1s the major factor in the postoperative dis-
tention.
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Indications and Contraindications for

the Use of Cyclopropane

INDICATIONS FOR THE USE OF CYCLOPROPANE

Many anesthetists feel that eyclopropane and oxygen may be
used in any type of patient that is to receive an inhalation anes-
thetic. Waters and Schmidt (341), Eversole e al. (96), Tidmore
(336), Sword (324), Griffith (123), Houston (152), Sise e/ al.
(301), and many others have reported the use of cyclopropane
anesthesia for general surgery in many thousand cases in patients
varying in age from 10 minutes to 98 years. The type of operative
procedures covers fairly well the whole series possible except those
in which cautery, x-ray, or high frequency current apparatus
prevented its use.

Cyclopropane is of such potency that it ean be used to produce
any depth of anesthesia but yet permit the use of a high concen-
tration of oxygen in the anesthetic mixture. It is the combination
of potency, rapidity of action, lack of irritation to the respiratory
tract, and high oxygen content that makes eyclopropane-oxygen
of special value 1n certain conditions. These conditions are:

1. Short operations where relaxation is needed

2. Operations where excess oxygen is needed

a. Due to mechanical causes
(1) obstruction in respiratory tract
(2) reduction in alveolar bed
b. Increased O: usage
(1) hyperthyroidism
(2) pregnancy
¢. Anemias
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have a sufficient amount of oxygen in the mixture to give adequate
oxygenation.

The use of cyclopropane-oxygen in chest surgery is of great
value, and several anesthetists have used it for this purpose.
Rovenstine (286) reported its use in 160 thoracic surgery cases
and lists its advantages for this use as follows: lack of respiratory
stimulation, rapid induction and recovery, high oxygen content
available, absence of irritation to the mucous membranes. Eversole
and Overholt (95), in discussing the problems of anesthesia in
thoracic surgery, concluded that cyelopropane-oxygen meets the
needs of these patients better than any other agent or combination
of agents. Knight (171) belicves that cyclopropane is the anes-
thetic of choice for thoracie surgery.

Coryllos and Bass (69) have reported a comparative study of
anesthetics in 1,370 eases of thoracic surgery. They are of the
opinion that cyclopropane is an excellent agent for anesthesia
in thoracie surgery with the exception of the quite frequent drop
in blood pressure that is ohserved soon after the termination of
the operative procedure. More recent studies by others have
shown that this fall in pressure is due, as a rule, to inadequate
ventilation during the period of anesthesia and that it can be
prevented by supplementing the respiration throughout the
whole operative and anesthetic procedure.

Nosworthy (236) has used cyclopropane extensively in anes-
thesia for chest surgery and is particularly pleased with its use
as an agent to control the respiration during surgery, and he
feels that it is satisfactory in all types of surgery within the chest.
The ease by which the respiration is controlled during cyclo-
propane anesthesia is due to two factors. First, cyclopropane
depresses the respiratory center from the beginning, and second,
the high concentration of oxygen permitted in the anesthetic
mixture makes the control of the respiratory function much
easier, so that a slight wash out of the carbon diovide will cause
the respiratory effort of the patient to be inhibited.

Wiggn and Schultz (343) have reported their study on the
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3. Cardiovascular disease

4. Severe operative risks

The rapid induction, adequate relaxation, and rapid recovery
with cyclopropane make it an 1deal agent in cases where the
operative procedure is short but for which relaxation is essential.
It is not quite so rapid in action as nitrous oxide or ethylene, but
the relaxation and oxygenation obtainable with eyclopropane
make it better than these agents.

Mann (194) has reported his observations on the nasotracheal-
cyclopropane anesthesia for tonsillectomy and teeth extraction.
His procedure for this use is rather complicated, but he finds it
quite satisfactory. The subject is premedicated with nembutal
.06 to .1 gram followed by morphine 15 mgm., hyoscine .6 mgm.,
then he applies a ten per cent cocaine solution to the nasopharynx
by spray. Induetion is by way of pentothal sodium after which
the tube is inserted into the trachea by way of the nose under
direct laryngoscopy and then the anesthesia continued by use of
cyclopropane inhalations.

Harang (141), likewise, has used eyclopropane for oropharyn-
geal surgery in which the anesthetic was administered through
the nasotracheal tube, and he uses cyclopropane for the anesthesia
in order to do the intubation. He finds that it is quite satisfactory
and the technic 1s rather rapid.

Our preference for induction of anesthesia where nasotracheal
intubation 1s contemplated or desired is by the use of eyclopropane
and at times the addition of a small amount of ether for 2 minute
or two immediately before intubation. The addition of ether is
desirable from two points of view. First, it depresses in part the
pharyngeal and laryngeal reflexes, and second, it permits a longer
period of time for the intubation. With eyclopropanc alone, if
the tube 1s not successfully passed within the first thirty seconds,
the patient is apt to become too light for satisfactory intubation
by the blind technie.

In cases with partial obstruction of the respiratory tract it is
possible to produce anesthesia in a relatively short time and yet
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(285) have shown that of cight agents used cyclopropane was
the only one that did not depress or abolish respiration of the
fetus when the mother was anesthetized. Griffith (123) reports
the use of cyclopropane in 400 labor eases including 100 cesarean
sections and reported much less postoperative disturbance follow-
ing cyclopropane than after similar eases with ether. Sahler
(289) has reported a series of 423 cesarean sections under different
agents, 94 being with cyclopropane, and he states that the need
for resuscitative measures is less when using cyclopropane and
that gas pains are less frequent in these patients. Tidmore (336)
reports good results with the use of eyclopropane in normal and
operative obstetrics; like Sahler, he does not use premedication
in cesarean sections with cyclopropane.

Karp and Richardson (166) have reported on their observations
of the use of cyclopropane in obstetrics over a series of 1,392 cases.
Whereas in 1937, only ten per cent of the deliveries at their
institution were under cyclopropane, during the period of 1940
to 1941 approximately ninety-eight per cent of the anesthesias
for obstetrical cases were cyclopropane, oxygen and helium.
During the first stage of labor they provided analgesia for the
expectant mother by having ber breathe a mixture from a five
to six-liter bag which had been filled with cyclopropane, twenty
per cent, oxygen, thirty-three per cent; and helium, forty-seven
per cent. They asked the subject to take three breaths of this
mixture as the pain began and to hold and bear down at the end
of the third breath. This provided very satisfactory pain relief
during the first stage of labor. Cyeclopropane-oxygen was also
used for cesarean section in eighty-six patients in their series
and was found to be quite satisfactory both from the fetal and
maternal points of view.

Allen a.ml Slocum (6) believe that cyclopropane-oxygen is the
most samfac.tory inhalation anesthetic for patients undergoing
cesarean section. Th.eir. reasons for this belief is first, the rapidity
'\\‘lth wluc.h fmesthesm.ls induced with eyclopropane; second, that
it 18 non-irritating; third, that the patient may be prepared and
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anesthetic procedures in thoracic surgery over a series of 2,000
cases, and they believe that cyclopropane-oxygen provides the
best anesthetic available for these patients.

Neff, Phillips, and Gunn (228) prefer cyclopropane and oxygen
for anesthesia for the pneumonectomy in man. Their preference
for cyelopropane is based in part upon the ease by which the
respiration may be controlled or that apnea may be produced,
and the rapidity by which one can produce the apnea and also
by which the return to normal respiratory effort by the patient
is produced as soon as the carbon dioxide filter is removed.
Likewise, Morton (224) favors the use of cyclopropane and oxygen
in those patients in whom the respiration is to be controlled. He
prefers to medicate his patients with omnopon 22 mgm. plus
scopolamine .4 mgm. and to induce anesthesia with pentothal
sodium .5 grams or less and to carry the patient on cyclopropane
and oxygen for the operative procedure. He finds that with this
premedication and the pentothal injection it is easy to gain control
of the respiratory function of the patient under cyclopropane
anesthesia by the wash out of small amounts of carbon dioxide.

The use of cyclopropane-oxygen in patients with hyperthyroid-
ism has a rational basis: These patients need more oxygen than
the normal; this need is supplied by the excess oxygen in the
mixture, the rapid induction with the relative absence of the
stage of excitement or delirium is beneficial to these patients,
many of whom already show some cardiac abnormalities. Sise
(300) is of the opinion that cyclopropane-oxygen has advantages
over the other inhalation agents in thyroid surgery. Goetsch
(110) also believes that eyclopropane is of special value in thyroid
cases.

The use of eyclopropane-oxygen for anesthesia during delivery,
either normal or operative, is of special value (171); the woman
at term uses more oxygen than normally and this is readily
supplied. Also it has been shown by Snyder and Rosenfeld (307)
that several of the general agents depress the fetal respiration,
and in an experimental study on rabbits Rosenfeld and Snyder
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cyclopropane follows:

Crelopropane is the best inhalation anesthetic available for vaginal deliveries
because it affords the following ndvantages. It has a pleasant, mpid induction
and emergence. It permits the use of high concentrations of oxygen and it pro-
duces 1o il effects on parenchiymatous structures, Ite potency and lability of
action afford a fleaibility in its administration that can not be duplicated by any
other agent Its chiel disadvantages are its potential inflammability and ex-
plosivencss and oceasional production of disturbance of cardiac rhythm and a
tendency to produce maternal and fetal respiratory depression when anesthesia
is carried deeper than the first plane of the third stage.

Apgar and her associates (11) report a very extensive and
thorough analytical study on the comparison of regional and
general anesthesia in obstetrics with special reference to trans-
mission of cyclopropane across the placenta. Their report analyzed
the results on 2,856 patients who were delivered vaginally and at
term during the year 1955. Of these patients, 837 received regional
anesthesia of which ten per cent received pudendal block or
local infiltration at the epesiotomy area, forty-four per cent
received saeral or lumbar epidural block, and forty-three per cent
received spinal anesthesia. Of the other 2,019 receiving general
anesthesia, 1,022 were anesthetized with cyclopropane. In their
effort to decide which anesthetic technic was superior, they
determined three different factors or values on the different
groups: (1) the neonatal death over a period of twenty-eight
days; (2) the time to sustain adequate respiration, using 150
seconds following the delivery as a maximum normal period;
@) ther “score” or evaluation of the new born infant. This
“score” is a numerical value, varying from 0 to 10 at the greatest
spread, which is made up of measurements of the heart rate,
respiratory effort, muscle tone, sensitivity to nasal stimulation
and color. An infant having a score of ten was perfect. When
neonatal death rate was compared, there were no significant
d'xﬁerences in any of the groups. When the time to sustain respira-
tion was determined, it was observed in the local or regional
group that only 34 per cent needed more than 150 seconds to
breathe regularly and normally, whereas with cyclopropane, 9.1
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draped before anesthesia is begun, thus reducing markedly
the effect of the anesthetic on the fetus; and fourth, the presence
of an adequate amount of oxygen in the inspired mixture. In an
effort to provide the fetus with an adequate amount of oxygen
immediately before it was removed from the uterus, they stopped
the administration of eyclopropane and oxygen at the time the
uterus was opened and gave the patient only pure oxygen until
the fetus was removed and the cord was clamped, after which
the cyclopropane was added again to the inhalation mixture to
provide anesthesia for the latter portion of the operative proce-
dure. They felt that cyclopropane-oxygen was particularly
valuable in patients with cardiovascular disease during the
delivery period.

Allen, Weekley and Metcalf (9A) in 1957 published a paper in
which they analysed their results in 1011 cesarean sections, from
1948 to 1956, with cyclopropane as the anesthetic agent. These
sections were done in a hospital where over 95 per cent of the cases
were private and less than 5 per cent service eases. Their pro-
cedure for anesthesia, after proper premedication with a bella-
donna derivative or later in the study with a barbiturate, levor-
phanol and scopolamine, was to induce anesthesia with just
enough cyclopropane so that when the skin incision was made one
minute after the intravenous injection of 6 to 12 mgm. Tubo-
curarine the patient might move but have no memory of painful
stimuli. Respiration was assisted and upon removal of the foetus
within 6 to 9 minutes after the beginning of the operation the level
of anesthesia was deecpened and maintained sufficient for any
surgical procedure. There was no maternal death resulting from
the anesthesia. The net infant mortality was 4.7 per cent with 2.4
per cent still birth and 2.3 per cent neonatal deaths. They feel that
good results for anesthesia are directly proportioned to the care
and observation the patient receives prior to operation and to pre-
cise attention during operation.

Bonica (31) has written upon obstetrical analgesia and anes-
thesia in general practice. A quotation from his paper upon
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cyelopropane follows:

Cycloprapane is the best inhalation anesthetic available for vaginal deliveries
because it affords the following advantages. 1t has a pleasant, rapid induction
and emergence. It permits the use of high concentrations of oxygen and it pro-
duces no ill effeets on parenchy matous structures Its potency and lability of
action afford a flexibility in its administration that can not be duplieated by any
other agent. Its chiof disadvantages are its potential inflammability and ex-
plosiveness and occasional production of disturbance of cardine rhythm and a
tendency to produce maternal and fetal respiratory depression when anesthesia
is carried deeper than the first plane of the third stage.

Apgar and her ascociates (11) report a very extensive and
thorough analytical study on the comparison of regional and
general anesthesia in obsietrics with special reference to trans-
mission of cyclopropane across the placenta. Their report analyzed
the results on 2,856 patients who were delivered vaginally and at
term during the year 1955, Of these patients, 837 received regional
anesthesia of which ten per cent received pudendal block or
loca! infiltration at the epesiotomy area, forty-four per cent
rece}ved sacral or lumbar epidural block, and forty-three per cent
received spinal anesthesia. Of the other 2,019 receiving general
anesthesia, 1,022 were anesthetized with cyclopropane. In their
effort to decide which anesthetic technic was superior, they
determined three different factors or values on the different
groups: (1) the neonatal death over a period of twenty-eight
days; (2) the time to sustain adequate respiration, using 150
seconds_ following the delivery as a maximum normal period;
9) thclf “score” or evaluation of the new born infant. This

score” is a numerical value, varying from 0 to 10 at the greatest
spread, which is made up of measurements of the heart rate,
;e;(ll’lmtmy effort, muscle tone, sensitivity to nasal stimulation
neon;(t)zl:l’r.d An infant having a score of ten was perfe?t. .\Vhen
diforenser ?ath rate was compared, ther@j were no §1gmﬁc.ant,
tion sras dmt any of thc{ groups. When thfz time to sustain respira-
group that,e eimmed, 1t was observed in the local or regional

reathe - only 34 per cent needed more.than 150 seconds to
egularly and normally, whereas with cyclopropane, 9.1
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per cent required over 150 seconds for adequate sustained respira-
tion. When one compares the “‘score” evaluation in' the full term
vaginal delivery, it is found that 5.1 per cent of the individuals
delivered under regional anesthesia receive a score of 0 to 4,
whereas in those delivered under cyclopropane anesthesia, 10.4
per cent receive a score of 0 to 4. In infants delivered under
elective cesarcan section, one per cent of those under regional
anesthesia have a score of 0 to 4, whereas forty per cent of the
infants delivered under cyclopropane anesthesia have a score of
0 to 4. They conclude,

in both chmical and biochemical studes, infants born with the mother under
general anesthesia, and specifically eyclopropane, were more depressed than
those born with the mother under regional anesthesia. Cyclopropane 1s trans-
ferred raptdly to the fetus, but as used chinically in this study, equiibrium with
the mother was not reached There was no biochemical evidence that cyclopro-
pane depressed placental function This suggests that the gas exerted a direct
narcotic action on the fetus, despite the absence of correlation between the blood
concentration of the gas and the condrtion of the infant at birth

In patients with a severe anemia, where the oxygen capacity is
reduced, the high concentration of oxygen used with eyclopro-
pane should be of value in keeping the blood well oxygenated.

Hershey and Rovenstine (148) have reported upon the value of
cyclopropane in the anesthetic management of patients with
recent severe hemorrhage. Because of their satisfactory results
obtained with eyclopropane in patients with severe hemorrhage,
they carried out a study of controlled bleeding on dogs and cats
to see if these animals tolerated cyclopropane anesthesia satis-
factorily. They bled their animals of twenty-five to thirty per
cent of the total blood volume, and in a short time thereafter,
approximately onc-half hour, they put the animals to sleep with
cyclopropane and determined the alteration of the blood pressure,
the pulse pressure, and the pulse rate during anesthesia. They
concluded that the cyclopropane did not produce any undesirable
effects but possibly an improvement of the circulatory system
because of the fact that during anesthesia with cyclopropane the
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blood pressure rose from an average of G4 to 104 mm. of mereury,
the pulse pressure from an average of § to 44 mm., and the heart
rate was reduced from 174 per minute in the dog to 71 per minute.

Regardless of the fact that cardiac irregularities are relatively
frequent under cyclopropane anesthesia, several anesthetists are
of the opinion that the high oxygen content and the ease of
induction with cyclopropane are of such value that they prefer
to use cyclopropane in the patients with serious cardiovascular
lesions and other poor surgieal risks. In the series of cases reported
by Kurtz, Bennett, and Shapiro (175) over 50 per cent of the
patients in whom ecyclopropane was used had demonstrable
cardiovascular pathology, whereas in the group anesthetized
by other agents cardiovascular pathology was present in only 25
per cent of the cases. Eversole cf al. (96) believe that eyclopro-
pane-oxygen is to be preferred in patients with cardiac disease,
as well as in other poor operative risks.

The marked increase in operative procedures on the cardio-
vascular system during the past ten to twelve years has given
rise to several papers upon the anesthesia in relation to cardiac
surgery. Adelman (2) in 1948 reported on anesthesia in surgery
of patent ductus arteriosus on thirty patients In one child, ether
was used, in nineteen cases cyclopropane was the sole agent, and in
the remaining ten, cyclopropane and ether mixtures were used
with eyclopropane as the primary agent. He felt that eyclopropane
had its advantages in that it is rapid in induction, permits ade-
quate oxygen mn the mixture, and produces quiet unstimulated
respirations in the patient. Endotracheal intubation was done
onl'y on seven patients for purposes of correcting laryngospasm,
training of anesthesiology residents, and as a result of bronchiec-
tasis in one individual. He felt that intubation was not imperative
and that a tight-fitting mask was quite satisfactory in the majority
of the patients in the production of adequate gaseous exchange
by artiﬁcial respiration or supplementation of the respiration in
the patient.

MeQuiston (208) has reported a study on the anesthesia in
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eardiac surgery in 362 cases. In this study he concluded that
cyclopropane-oxygen is the agent to be favored in most cases for
the following reasons: First, that cyclopropane is potent and
pleasant to take; second, that it is absorbed rapidly and equally
rapidly eliminated; third, that it is not irritating to the upper
regpiratory tract and the trachea of the individual.

Rind, Helliwell, and Hutton (267) have reported on the use of
endotracheal-cyclopropane anesthesia for operations for the
relief of congenital pulmonary stenosis. They prefer to use
cyclopropane for induction and intubate all their patients and
maintain them on cyclopropane and oxygen during the operative
procedure.

Dripps and his associates (90) terminate their discussion of
cyclopropane anesthesia with the following paragraph:

Cyclopropane remains a controverstal anesthetic. We like its controlability,
potency and patient acceptance. We rely on it frequently for the anesthetic
management of erttically ill patients There is mcreasing evidence in man of the
safety of the drug and we believe that 1t merits more widespread use

CONTRAINDICATIONS FOR THE USE OF CYCLOPROPANE

Cyclopropane for surgical anesthesia is contraindicated in two
instances. first, where cautery, x-ray, or other electrical apparatus
is necessary for carrying out the operative procedure; and second,
where it is anticipated that epinephrine HCl will have to be
employed.

Due to the fact that cyclopropane-air or eyclopropane-oxygen
mixtures are explosive over the range used in anesthesia, it should
not be used for anesthesia where there is any reason to cxpect
that a possible source of ignition of the anesthetic mixture may
be used. A full discussion of this point will be given in Chapter 12.

The careful experimental studies of Meek e al. (210) and Orth
¢t al. (246) on the effcet of anesthesia upon the irritability of the
automatic tissues of the heart have shown that cyclopropanc
increases the irritability more than chloroform or ether. They
have shown conclusively that the injection of epinephrine HCI
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in relatively small amounts, in dogs under cyclopropane leads
to the development of severe cardiac irregularities in all dogs and
to ventricular fibrillation in a fair number of the dogs. There have
been clinieal observations with the use of epinephrine HCl in
patients under cyclopropane which, although not controlled by
electrocardiographic records, would lead one to believe that man
may react the same way as the dog in this relation. Waters (339)
reported one case which apparently died of ventricular fibrillation
after the intracardiac injection of epinephrine HCI. Guedel and
Knoefel (133) in their discussion of fibrillation under anesthesia
reported a patient who died under cyclopropane from fibrillation
and stated that the use of epinephrine to control localized bleeding
should be condemned. They also stated that since morphine does
not depress the activity of the adrenals, barbiturates which do
depress the activity of the sympathetic system might protect
against the development of cardiac fibrillation during anesthesia.

The evidence available at the present time, both experimental
and clinical, indicates that epinephrine HCl and certain other
sympathomimetic amines (1, 133, 210, 243) should not be used
during eyclopropane anesthesia.

Although it had been known for some time, in the experimental
animal at least, that the pituitary solution would cause a constric-
tion of the corenary vessels and produce fall in blood pressure
with cardiae arrhythmias, it remained for Adelman and Lennon
(3) 1n 1941 to relate pituitary shock with eyclopropane anesthesia.
They published at that time a paper in which they reported seven
cases of pituitary shock oceurring during anesthesia.

) Belinoff (16) in 1944 reported two deaths as the result of the
simultaneous use of pituitary and eyclopropane, one in which
the death was ascribed to bronchial constriction and asphyxiation,
the second resulting from cardiovascular shock with the patient
3‘“’3\01%1; a marked tachyeardia with hypotension and sudden

eath,

Greene (114) in 1942 in a study on the posterior pituitary
extracts in anesthesiology reported that in one individual receiving
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cardiac surgery in 362 cases. In this study he concluded that
cyclopropane-oxygen is the agent to be favored in most cases for
the following reasons: First, that cyclopropane is potent and
pleasant to take; second, that it is absorbed rapidly and equally
rapidly eliminated; third, that it is not irritating to the upper
respiratory tract and the trachea of the individual.

Rind, Helliwell, and Hutton (267) have reported on the use of
endotracheal-cyclopropane anesthesia for operations for the
relief of congenital pulmonary stenosis. They prefer to use
cyclopropane for induction and intubate all their patients and
maintain them on cyclopropane and oxygen during the operative
procedure.

Dripps and his associates (90) terminate their discussion of
cyclopropane anesthesia with the following paragraph:

Cyclopropane remains a controversial anesthetie, We like its (‘ontro):lbilit?‘y
potency and patient acceptance. We rely on it frequently for the anesthetic
management of ertically 1ll patients. There is increasing evidence 1 man of the
safety of the drug and we believe that 1t merits more widespread use.

CONTRAINDICATIONS FOR THL USE OF CYCLOPROPANE

Cyclopropane for surgical anesthesia is contraindicated in two
nstances- first, where cautery, x-ray, or other electrical apparatus
is necessary for carrying out the operative procedure; and second,
where 1t is anticipated that epinephrine HCI will have to be
employed.

Due to the fact that cyclopropane-air or cyclopropane-oxygen
mixtures are explosive over the range used in anesthesia, it should
not be used for anesthesia where there is any reason to expect
that a possible source of ignition of the anesthetic mixture may
be used. A full discussion of this point will be given in Chapter 12.

The careful experimental studies of Meek ¢t al. (210) and Orth
¢t al. (246) on the effect of anesthesia upon the irritability of the
automatic tissues of the heart have shown that cyclopropane
increases the irritability more than chloroform or ether. They
have shown conclusively that the injection of epinephrine HCI
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anesthesia, the less frequent were the arrhythmias. Knowing,
however, of the specie variation on the cffect of drugs, they cau-
tioned on the transfer of this protective effect of general anes-
thetics against the eardiac arrhythmias from the dog over to man
and waited until a study on man had been concluded before
further comments.

Morris and his associates (221) reported in 1952 a study on the
comparison of effeet of pituitrin, pitocin, and ergonovine on
cardiac rhythm during ancsthesia for parturition. In a series of
twelve patients under cyclopropane anesthesia, the administra-
tion of pitocin resulted in arrhythmias of ventricular origin in
only one subjeet, whereas in twenty-six of forty-four patients
receiving pituitrin, ventricular arrhythmias were observed. They
believe that it is best to give an oxytocic in labor other than the
pituitrin preparation.
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three units of pituitary solution during eyclopropane anesthesia,
marked cardiac arrhythmias were present for some thirty minutes
and hypertension of a very severe degree developed, but the
patient eventually returned to normal.

Likewise, Burstein (52) in a study on the clinieal observations
of some systemic effects of pitressin reported that cardiac arrhyth-
mias as a result of coronary constriction were frequently
observed in the animal and that this may be prevented by the
preliminary injection of ephedrine; he suggested that ephedrine be
used as a therapeutic or prophylactic agent against cardiac
arrhythmias due to oxygen lack in the myocardium produced by
pitressin.

Lesser and Eason (183) reported that cardiac arrest under
anesthesia resulted from the intravenous injection of pitocin.
They feel that one should be cautious about the use of pituitary
solutions, either pitressin or pitocin, during cyclopropane anes-
thesia.

Parsloe et al. (249), in a series of eighty-four experiments upon
twenty-six dogs, determined the effect of the injection of pituitrin,
1 unit per kilo, on dogs under chloretone, spinal anesthesia, ether,
chloroform and nembutal anesthesia; and with cyclopropane
anesthesia the dose was one unit of pituitrin per kilo, one unit
of pitressin per kilo or two units of pitocin per kilo; and in thirteen
unanesthetized dogs the dose was one unit of pituitrin per kilo.
In thirteen of fourteen experiments in which pituitrin was injected
in the unanesthetized animals, cardiac arrhythmias developed.
In only two of ten experiments under cyclopropane were arrhyth-
mias observed with pitocin. In only eight of thirty-eight experi-
ments under cyclopropane were arrhythmias observed upon
injection of pituitrin. In only one of three experiments under
chloroform were arrhythmias observed, whereas in nine of nine
experiments under spinal, cardiac arrhythmias were present.
They felt that this laboratory study indicated that the animal
under anesthesia was less apt to develop cardiac arrhythmias
than the animal in the awakened state and that the deeper the



11
The Relaxing Agents

In a discussion of the pharmacology of the relaxing agents, it is
of interest to look over briefly 2 few of the earlier observations on
curare, both in the laboratory and in the clinic, and then to follow
with a discussion of the events of the ten-year period of 1935-1944
which led to the very widespread use of those agents in various
fields of medicine. First, Pelouse and Bernard, 1850 (251),
Kolliker, 1856 (174), and Bernard, 1856 (21), reported studies on
the frog which showed that the site of action of curare in producing
paralysis of the muscle was at the junction of the nerve and
muscle. Demme, 1872 (83), treated several patients with tetanus
with curare and found that the severity of the convulsions was
reduced.

Pal, 1900 (248), showed that eserine or physostigmine was a
pharmacological antagonist to curare. Boehm, 1889-1920, (28)
isolated from various samples of crude curare several relatively
pure chemical substances which would paralyze skeletal muscle;
it was one of these relatively pure preparations that Lawen (178)
of Leipzig used in 1912 in man to reduce the amount of the
inhalation anesthetic necessary to close the abdomen. He thought
that the postoperative respiratory complications following anes-
thesia and surgery were due to the depression of the respiratory
center by the deep anesthesia needed for closure of the abdomen,
and recommended the use of curare or local anesthetic to aid
general anesthesia.

Thus, at least twenty-five years before serious application of
t}1e relaxing agents to clinical problems was made, it was known
that
1. Curare produced paralysis by action of the M-N junection,

2. Curare had been used to control convulsions in tetanus.
233
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to acetylcholine was released, and that the close intra-arterial
injection of acetyleholine would produce a contraction of the
muscle; also that after curarization of an animal the stimulation of
the nerve released acetyleholine, and that the use of physostigmine
in such a curarized preparation would eause the muscle to con-
tract after nerve stimulation. These studies of Dale ¢f al. showed:

First: That acetylcholine was the chemical mediator of nerve
impulse to skeletal muscle.

Second: That curarine did not prevent the elaboration of
acetylcholine but blocked its action upon the muscle.

Third: That by giving physostigmine, a substance that would
permit a build up of a higher concentration of acetylcholine at
the motor end plates, the curarine block could be broken. This
gave rise to the theory that curarine produced its effects by com-
petition with acetylcholine for certain specific receptors.

Thus, the work by Dale and his associates formed the ground
work for an understanding of nerve-muscle physiology and
explained how curare might work and how an antagonist termi-
nated the action of curare.

2. Establishment of structure of d-tubo curarine—Although
the studies of the pharmacological or physiological action of
curare began as early as 1811 by Brodie (41) and by Pelouse
and Bernard in 1852, attempts at identifying the active principle
were not extensive until the studies of Boehm, 1889-1920 (28),
showed that the various curare preparations contained a quater-
nary N umit. It was the studies of King (168) in England that
established the chemical formula of the active agent in crude
curare, and it was he who suggested that the source of the active
substance in crude curare was the plant chondodendron to-
mestosum, Later Wintersteiner and Dutcher (345), 1942, proved
King's formula (except for the placement of one methyl group)
by studies of curare from a known plant source (Ch. tomestosum).

3. Need for relaxing agent—During the period of 1035-1944
there were several developments in medicine and anesthesia that
gave rise to a need for relaxing agents, and these were:
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3. Physostigmine was a pharmacologieal antagonist.

4. “Curare” had been used in surgery to reduce tone of skeletal
muscle.

Let us now look over the period of 1935-1944 to see what
conditions were present to bring about this widespread interest
in and use of muscle relaxing agents as aids to medicine, partic-
ularly anesthesia. At least four separate developments during
the ten-year period led to the final interest in and use of the
relaxing agent-

(1) Studies in the mechanism of nerve-muscle action by Brown,

Dale, and Feldberg, 1936-1938.
(2) Isolation and chemical characterization of d-tubo curarine
by King, 1935; Wintersteiner, 1942. X
(3) Need for musele relaxation in diagnostic and therapeutgc
procedures as well as aids in relaxation with new anesthetic
agents and technic: endotracheal intubation, ¢yclopropane,
thiopental, nitrous oxide.
(4) Introduction of a standardized preparation of curare by
Bennett, 1939, Gill, 1938-1939; Meclntyre, Holaday.

1 wish to make a few comments about each of these four factors
before gomg on into a discussion of the pharmacology of the
various agents in current use to produce muscle relaxation.

1. Nerve-muscle function—Until the analytical work of Dale
and his associates (42), there were two theories on the mechanism
of transfer of the nerve impulse across the neuro-myal junction
to the skeletal muscle, 1e., electrical and humoral. It had long
been known that the stimulation of a motor nerve and its muscle
was associated with an electric impulse, and that the muscle
contraction from nerve stimulation could be reduced or prevented
by the use of certain drugs, i.e , physostigmine and curare, at 2
time when both the nerve and the muscle separately were sus-
ceptible to electric stimuli, thus showing that the mechanism of
the transfer of stimuli from the nerve to the muscle was inhibited.
Further work by Dale ef al. (80) showed that during the stimula-
tion of a nerve-muscle preparation a substance similar in action
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to acetylcholine was released, and that the close intra-arterial
injection of acctylcholine would produce a contraction of the
muscle; also that after curarization of an animal the stimulation of
the nerve released acetyleholine, and that the use of physostigmine
in such a curarized preparation would eause the muscle to con-
tract after nerve stimulation, These studies of Dale ¢f al. showed:

First: That acetyleholine was the chemical mediator of nerve
impulse to skeletal muscle.

Second: That curarine did not prevent the elaboration of
acetylcholine but blocked its action upon the muscle.

Third: That by giving physostigmine, a substance that would
permit a build up of a higher concentration of acetylcholine at
the moter end plates, the curarine block could be breken. This
gave rise to the theory that curarine produced its effects by com-
petition with acetylcholine for certain specific receptors.

Thus, the work by Dale and his associates formed the ground
work for an understanding of nerve-muscle physiology and
explained how curare might work and how an antagonist termi-
nated the action of curare.

2. Establishment of structure of d-tubo curarine—Although
the studies of the pharmacological or physiological action of
curare began as early as 1811 by Brodie (41) and by Pelouse
and Bernard in 1852, attempts at identifying the active principle
Were not extensive until the studies of Boehm, 1889-1920 (28),
showed that the various curare preparations contained a quater-
nary N unit. It was the studies of King (168) in England that
established the chemical formula of the active agent in crude
curare, and it was he who suggested that the source of the active
substance in crude curare was the plant chondodendron to-
mestosum. Later Winterstemner and Dutcher (345), 1942, proved
King’s formula (except for the placement of one methyl group)
by studies of curare from a known plant source (Ch. tomestosum).

3. Need for relaxing agent—During the period of 1935-1944
there were several developments in medicine and anesthesia that
Bave rise to a need for relaxing agents, and these were:
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3. Physostigmine was a pharmacological antagonist.

4. “Curare” had been used in surgery to reduce tone of skeletal
muscle,

Let us now look over the period of 1935-1944 to sec what
conditions were present to bring about this widespread interest
in and use of muscle relaxing agents as aids to medicine, partic-
ularly anesthesia. At least four separate developments during
the ten-year period led to the final interest in and use of the
relaxing agent:

(1) Studies in the mechanism of nerve-muscle action by Brown,
Dale, and Feldberg, 1936-1938.

(2) Isolation and chemical characterization of d-tubo curarine
by King, 1935; Wintersteiner, 1942,

(3) Need for muscle relaxation in diagnostic and therapeutic
procedures as well as aids in relaxation with new anesthetic
agents and technic. endotracheal intubation, cyclopropane,
thiopental, nitrous oxide.

(4) Introduction of a standardized preparation of curare by
Bennett, 1939, Gill, 1938-1939; McIntyre, Holaday.

I wish to make a few comments about each of these four factors
before going on into a discussion of the pharmacology of the
various agents in current use to produce muscle relaxation.

1. Nerve-muscle function—Until the analytical work of Dale
and his assoctates (42), there were two theories on the mechanism
of transfer of the nerve impulse across the neuro-myal junction
to the skeletal muscle, i.e, electrical and humoral. It had long
been known that the stimulation of 2 motor nerve and its muscle
was associated with an electric impulse, and that the muscle
contraction from nerve stimulation could be reduced or prevented
by the use of certain drugs, 1e., physostigmine and curare, at a
time when both the nerve and the muscle separately were sus-
ceptible to electrie stimult, thus showing that the mechanism of
the transfer of stimuli from the nerve to the muscle was inhibited.
Further work by Dale ¢t al. (80) showed that during the stimula-
tion of a nerve-muscle preparation a substance similar in action
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In the second edition of 1955, some twenty pages are nsed

discuss curare and those substances which have been develop

as the result of the attempts to prepare more satisfactory @
safer substitutes for d-tubo curarine. Likewise in another te:

“Pharmacology in Medicine”, edited by Drill (88) in 192

Melntyre devotes an entire chapter of fifteen pages fo a ve

concise discussion of this subject.

There are two mechanisms by which the effect of nerve stim
lations is blocked:

1. Prevention of depolarization.

2. Prolongation of depolarization.

Zamis (350) in a review on the “Transmission and Block
Motor End Plates” defines the differential characteristics of t
two types of block that may oceur.

1. Block by competition for acetylcholine receptors by d-tu

curarine.

a. Block is not preceded by potentiation or fasciculation,

b. Muscle will not maintain a tetanus.

¢. Block is antagonized by eserine.

d. Drugs producing block by competition will not prodt

contracture in the denervated muscle.

. Block by depolarization, as one gets by acetylcholine a
eserine or succinylcholine Cl, is characterized by the follc
ing:

a. Block is preceded by potentiation and fasciculati

(particularly noted with succinylcholine).

T, Tehemes I8 mainhaimed.

. Block 1s not antagonized by eserine.

d. Contracture with denervated muscle.

Regard_less of the mechanism by which the block is produ
by the different drugs, there is a constant order in which
various muscle groups are paralyzed in man, and this is:

a. Extrinsic muscles of the eye,

b. Facial muscles.

c. Muscles of the neck.

o~
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a. The use of shock therapy in psychiatric diseases (a drug
was needed to reduce the intensity of muscle contraction so as to
prevent fractures).

b. The widespread use of cyclopropane and thiopental, neither
of which produce adequate relaxation of abdominal muscles for
upper abdominal surgery.

¢. The increased use of endotracheal intubation as an aid in
anesthesia. Non-traumatic intubation, under agents other than
ether, are much more easily done with a relaxing agent supplement
than with pentothal or cyclopropane alone.

d. Laryngoscopy and bronchoscopy are much more easily
carried out if a relaxing agent is used.

4. Introduction of a standardized preparation—In 19358-1939,
Gill (108, 109) collected samples of curare and plants in South
Ameriea and brought some to MecIntyre at the University of
Nebraska where he studied the pharmacology of them. Holaday
(337) prepared a biologically standardized solution which Bennett,
a psychiatrist, used successfully in patients in preventing frac-
tures as a result of electroshock therapy. Three years later (1942)
Griffith and Johnson (127) using a preparation, intocostrin
(Squibb), first reported its use in patients anesthetized with
eyclopropane.

These four developments during the period of 1935-1944 have
led to the widespread interest in the use of relaxing agents.

In order that one may appreciate the advance in the interest
in and use of the drugs to be discussed, one need only note the
space and content of this subject in the first and second edition
of the text, “The Pharmacological Basis of Therapeutics”, by
Goodman and Gilman (112) published in 1941 and in 1955. In
the first edition a total of less than two pages is devoted to the
curare group, with these few lines as the opening and closing
sentences under the heading of chnical use; “Curare and its
alkaloids have no valid well-established uses. Curare is used in
the laboratory to produce immobility of animals without central
nervous system paralysis but does not produce anesthesia.”
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carbon dionide elimination, it is necewsary for the anesthetist to
aid the patient’s respiratory effort.

With these preliminary comments back of us we will proceed
with a discussion of the various drugs in use for the production
of relaxation,

In figures 70 and 71 are shown the structural formulae of seven
of the drugs used to produce relaxation. All of these drugs have
something in common cither from a physical or a chemical point
of view. Five of the seven compounds have quaternary nitrogens
separated by approximately fourteen angstrom units, and all of
the compounds have a basic nitrogen, either tertiary or quater-
nary, in their molecule.

The drugs may be divided into two groups according to the
mechanism by which they produce the block.

Block by competition with acetylcholine for receptors: (1)
d-Tubo curarine, (2) Dimethyl-d-tubo curarine, (3) Flaxedil,
(4) Laudolissin, (5) Mytolon.

Block by production and maintenance of depolarization:
(1) Decamethonium bromide, (2) Succinylcholine chloride.

DRUGS PRODUCING BLOCK BY COMPETITION

Curare or p-tubo curarine chloride

Soux:ce. The source of crude curare in the past has been that
of various species of the strychnos toxifera, strichnos costelani,
and chondrodendron tomentosum,

Chemistry. The studies by Boehm, King, Gill, Wintersteiner,
and Dutcher in relation to the isolation and identification of the
active ingredient of crude curare, d-tubo curarine, have been
discussed above.

Sinee 1948,' most of the curare preparations are made from pure
d-tubo curarine, and some of these are still bioassayed because
there may be isomers of the d-tuho curarine present.

Absorption a_nd excretion. d-Tubo curarine produces its typical
effect when given subeutaneously, intramuscularly, or intra-
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d. Muscles of extremities and trunk.

e. Muscles of the abdomen and thorax.

f. Diaphragm.

Although the muscles of the diaphragm are the last to become
blocked, most students of the subject are of one opinion that in
any patient in whom the desired relaxing effect is present, the
muscles of respiration, although still functioning, are sufficiently
weakened that for adequate gaseous exchange, particularly
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venously but is relatively harmless when taken by mouth. It is
excreted in part by the kidneys as is shown by the following
things: First, it was shown early that urine eclaborated in an
animal under curare would in turn produce curarization when
given to a second animal. Second, Marsh (196) in 1952 published
his studies on the distribution, metabolism, and excretion of d-
tubo curarine chloride in man and in animals and showed that
there was a significant amount of the d-tubo curarine excreted in
the urine. Third, Kalow (165) in 1953 was able to recover approxi-
mately thirty per cent of a given (lose in the urine of man,

Effect on the central nervous system. Hartridge and West
(145) in 1931 published their reports on the effect of curare in the
sholition of parathyroid tetany in dogs. They thought this
improvement in the tetany was due to a central nervous system
effect or action of curare.

Harris and his associates (143) in studying the effect of curare in
patients undergoing metrazo! convulsive therapy were unable to
observe any alterations in the electroencephalographic record
during the peak action of curarc as contrasted to that in the
control state. Likewise, Smith and his associates (305) were
unable to observe any central nervous system effects in the
human subject when that individual was given as much as two
and one-half times the total paralyzing dose of curare.

Ellis, Morgan, and DeBeer (91) in 1953, in studies on the dog
and cat diaphragm and gastrocnemius muscle, showed that the
peripheral neuro-myal function returned before the central
nervous system respiratory center became active. So at least in
the cat and the dog there is a central nervous system effect of
curare when given in large doses.

Effect on the autonomic nervous system. Langley (177) in 1918
used curare as a laboratory tool in establishing the pathways
and ganglia involved 1n the autonomic nervous system. Luco
and Mesa (191) in their studies showed that the full skeletal
muscle paralyzing dose would also block the transmission of the
impulses from the preganglionic to the postganglionic fiber. They
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marked similarity between the effect of curare and histamine
upon the hronchial tree and upon the vascular bed. He observed
that both d-tubo curarine and intocostrin may produce a release
of histamine.

Clinical studies. Although Demme in 1872 had used crude
curarc to help in the control of the convulsions and spasticity
of musele in the therapy of the patieats with tetanus, and al-
though Lawen (178) had used a purified curare preparation to
produce relaxation of the abdominal muscles for closure of the
abdomen in laparotomies and suggested that it be used to reduce
the frequency of postoperative pulmonary complications fol-
lowing abdominal operations, it remained for Bennett (18) and
his associates at the University of Nebraska in 1939 to start the
use of relaxing agents in medicine on a rapid way. Bennett was
interested in the reduction of the frequency of fractures in
patients undergoing clectric shock therapy for psychiatric dis-
orders. The frequency was approximately 28 per cent in fully
treated patients. At that time, MecIntyre (205) and his as-
sociates in the Department of Physiology and Pharmacology
were studying in the laboratory eurare and extracts from the
plant chondrodendron tomentosum that were brought back by
Gill from South America and investigated at Squibbs and at the
University of Nebraska. Upon having available, therefore, a
biologically assayed and standardized preparation of curare and
a need for the relaxing agents in patients, Bennett was able to
reduce the frequency of fractures from 28 per cent to approxi-
mately 5 per cent, and his studies also showed that curare could
be safely administered.

In 1942, Griffith and Johnson (127) had the opportunity of
using intocostrin in patients during eyclopropane anesthesia,
and they reported upon their use of this substance in twenty-
five patients. As a result of this study and publication, the use of
curare in anesthesia throughout this country was quite rapidly
spreml.and soon many reports covering hundreds of cases of the
use of intocostrin had been published. Cullen (77, 78) was among
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also showed that the full paralyzing dose had a marked effect on
the conduction of the impulse from the vagus to the myocardium.
They also showed that as much as fourteen times the full paralyz-
ing dose of curare had no effect upon the transfer of impulse from
the postganglionic sympathetie fiber to the effector organ. Thus,
in general, one may say that curare or d-tubo curarine blocks the
transfer of impulses in the autonomic nervous system where
acetylcholine is a chemical mediator of that transfer. Harris and
his associates (143) bave shown that there is no cffect upon the
electrocardiogram of the patient under curare medication.

Effects on the skeletal muscle. As mentioned earlier, Pelouse
and Bernard (251) in 1850 first showed that the site of action of
curare in producing paralysis was at the junction of the nerve and
the muscle. Brinkman and Ruiter (39) in 1925 were first to show
that there was an acetylcholine-like substance released from the
frog muscle upon stimulation of the sciatic nerve both before and
after the application of curare. Brown, Dale, and Feldberg (42)
in 1936 made extensive studies on the mechanism of transfer of
impulse from the nerve to the muscle and found that a substance
simlar to acetyleholine was liherated both in the normal nerve
muscle preparation and in the preparation after the administra-
tion of curare. They also showed that the intra-arterial injection
of acetylcholine would produce a contraction identical to that
of nerve stimulation, and that following the administration of
curare the intra-arterial injection was ineffective.

Pal (248) in 1900 and later Briscoe (40) in 1936 showed the
antagenism hetween eserine and curare, and Briscoe showed that
the patient with myasthenia gravis was excessively sensitive to
curare and that cserine was of help with the<e patients that
might have had curare.

Effect on smooth muscle. The effect of curare and d-tubo cura-
rine upon the smooth muscles of the bronchi and of the arteries is
of the greatest interest because in certain instances there is a
constriction or contraction of the bronchial smooth museles.

Landmesser (176) in 1948 in his studies on dogs showed a very
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marked similarity between the effect of curare and histamine
upon the bronchial tree and upon the vascular bed. He observed
that both d-tubo curarine and intocostrin may produce a release
of histamine.

Clinical studies. Although Demme in 1872 had used crude
curare to help in the control of the convulsions and spasticity
of muscle in the therapy of the patients with tetanus, and al-
though Lawen (178) had used a purified curare preparation to
produce relaxation of the abdominal muscles for elosure of the
abdomen in laparotomies and suggested that it be used to reduce
the frequency of postoperative pulmonary complications fol-
lowing abdominal operations, it remained for Bennett (18) and
his associates at the University of Nebraska in 1939 to start the
use of relaxing agents in medicine on a rapid way. Bennett was
interested in the reduction of the frequency of fractures in
patients undergoing electric shock therapy for psychiatric dis-
orders. The frequency was approximately 28 per cent in fully
treated patients. At that time, McIntyre (205) and his as-
sociates in the Department of Physiology and Pharmacology
were studying in the laboratory curare and extracts from the
plant chondrodendron tomentosum that were brought back by
Gill from South America and investigated at Squibbs and at the
University of Nebraska. Upon having available, therefore, a
biologically assayed and standardized preparation of curare and
a need for the relaxing agents in patients, Bennett was able to
reduce the frequency of fractures from 28 per cent to approxi-
mately 5 per cent, and his studies also showed that curare could
be safely admimstered.

In 1942, Griffith and Johnson (127) had the opportunity of
using intocostrin in patients during cyclopropane anesthesia,
and they reported upon their use of this substance in twenty-
five patients. As a result of this study and publication, the use of
curare in anesthesia throughout this country was quite rapidly
spread and soon many reports covering hundreds of cases of the
use of intocostrin had been published. Cullen (77, 78) was among



244 CYCLOPROPANE ANESTHESIA

the earlier anesthesiologists to report extensive series of patients
in whom curare or intocostrin was used to produce relaxation. It
was noted early in the combined use of curare and ether that
much less curare was needed to produce relaxation than was
necessary when curare was combined with cyclopropane or with
pentothal. Approximately one-third of the dose was necessary.
Aver and Melizer (13) in 1914 made a study in which they
observed that ether had a marked curare-like effect upon the
skeletal muscle. In 1945, Gross and Cullen (129), after the
experiences of Cullen with curare in the clinic, made a study on
the effect of various anesthetic agents in relation to possible
curareform activity, and they found that cther had a marked
curare-like action. When ether is administered, much less curare
is necessary than with other agents.

Recent studies by Cullen and his associates (341a) on the
effect of different avesthetic agents alone and in combination
with d-tubo curarine have shown in the rabbit under cyclo-
propane anesthesia that with a single shock stimulus to the
nerve the muscle contraction is markedly increased over the
control, and that upon the addition of d-tubo curarine to the
rabbit during cyelopropane anesthesia the contraction is rapidly
reduced to a minimum. Upon awakening from the ¢yclopropane
anesthesia a subsequent dose of d-tubo curarine has no effect
upon the contraction resuiting from 2 single shock stimulus but
reduces that following a tetanie stimulus as shown in figure 72.

Sabawalla and Dillon (288a), in studies on the effect of cyclo-
propane alone and with d-tube curarine on the contraction of
human intercostal musele produced by indirect and direct stimu-
lation, have observed that when the muscle is treated with a
25 per cent concentration of eyclopropane, there is a marked ino-
tropic effect, but that 1if 50 per cent concentration of cyelopro-
pane is used, there is an irreversible block produced at the
myoneural junction or ele the function of the nerve fiber is
destroyed as shown in figure 73.

When the preparation is tieated with d-tubo curarine so that
{he contraction resulting from nerve stimulation is reduced (20
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Fia. 72 The effccts of eyclopropane and curare Top tracing, tetanic stimula-
tion, bottom tracing, single shock stimulation (A) Beginning of anesthesia with
25 per cent cyclopropane (B) Curare, 50 mgm /kgm (top record); 100 mgm /kgm.
(bottom record) (C) Anesthesia discontinued Curare administration in right
tracing one hour following that in left tracing (After Watland, Long, Pettinger,
and Cullen Anesthestology, 18, 883, 1957.)

per cent block), cyclopropane produces a further depression of
the contraction following nerve stimulation, but the positive
inotropic effect with direct stimulation is the same as in the
non-d-tubo curarine treated nerve muscle. Also, as soon as the
cyclopropane 15 1emoved from the qystem the contraction re-
sulting fiom the nerve stimulation increases as shown i in figure
74

In both rabbit and human muscle, cyclopropane has a positive
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inotropic effect when the muscle is stimulated indirectly or di-
rectly with a single shock stimulus. Upon the addition of d-tubo
curarine, cyclopropane potentiates the effect of the neuromuscular
blockade but still produces a positive inotropic effect in human
muscle upon direct stimulation. A satisfactory explanation of
these findings is not available at the present time.

Dimethyl-n-tubo Curarine Bromide

The dimethyl-d-tubo curarine bromide is prepared by replacing
a hydrogen on two of the hydroxyl groups with the methyl
radicle producing the dimethyl ether of d-tubo curarine. This
product has an action identical qualitatively to that of the parent
substance d-tubo curarine chloride. However, due to the di-
methylization, the new compound is approximately two to three
times more potent than the parent substance.

Gallamine Triethyl Todide (Flazedil)

Chemistry. This substance was synthesized by Bovet (36) in
1947, and in 1949 Bovet, Depierre and their associates (37)
reported on its curarizing action, and also they observed that
the action of this substance was antagonized or inhibited by
eserine or physostigmine

Central nervous system effect. With the ordinary therapeutic
dose, there are no central nervous system effects produced by the
use of gallamine triethyl iodide (73, 164).

Autonomic nervous system. Transmission of impulses through
the autonomic ganglia is inhibited by the application of gal-
lamine triethyl 10dide as it 1s by d-tubo curarine. From a clinical
point of view, the most marked effect on this system is that of
the increase in heart rate which is routinely observed following
the administration of a partial or a completely paralyzing dose
of this drug.

Skeletal muscle. Gallamine triethyl iodide produces its para-
Iytic effect by competitive block against acetylcholine in the
normal nerve muscle position The effect thercfore of gallamine
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triethyl jodide can be terminated or antagonized by the injection
of eserine or physostigmine or prostigmine.

Clinical studies. This drug was first used and the use reported
in man by Wilson and Gordon (344) in 1949. In 1950, Mushin
el al. (227) found that a dose of 1 mgm. per kilo is sufficient to
produce camplete relaxation in the average human subject. They
also reported that a dose of this size could be completely an-
tagonized by the intravenous injection of prostigmine. Marbury
and his associates (195), in their study in 1951 on the effect of
various doses of relaxing agents upon the respiratory volume,
found that the maximum effect following the intravenous in-
jection of gallamine triethyl iodide occurred in three to four
minutes with a complete recovery in twenty to twenty-five
minutes.

Excretion. Thirty to eighty per cent of the injected dose of this
drug is excreted unchanged in the urine.

Laudolissin

Chemistry. This substance was synthesized in 1949 by Collier
and Taylor (66). It consists of two molecules of papaverine
joined through the nitrogen atoms by (CHa)ye .

Clinical studies. Collier and Macauley (65) published the first
pharmacological study and chnical study on laudolissin in 1952.
They found it to be long acting and that it produces relaxation
by competitive block with acetylcholine. Wyant and Sadove
(349) reported the use of this drug in one hundred cases in 1954.
They found 1t to be slow in onset of action, the duration of
action excessively long, and also that it is additive with the
curare effect of ether. They reported that edrophonium was
effective in shortening or terminating the action of this substance

in man.
Benzoquinonium (dMytolon)

Th.is substance was prepared by Cavallito, Soria, and Hoppe
(60) in 1950. It is a relaxing agent that seems to have effect both
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from the point of view as a competitive block agent and also one
that produces prolonged depolarization. Its use has been re-
ported by Arrowood (12) in the production of muscular relaxa-
tion in 1951 and also by Gordon (113) in 1953. It produces in the
human three things that make its use very unsatisfactory. First,
after its administration, the patient secretes a very viscid secre-
tion in the mouth and in the trachea. Second, it produces a
bradycardia. Third, this bradycardia may be of such an extent
that hypotension may result from the slow pulse. Gordon feels
that this substance does not appear to be of much value in
general use for production of relaxation. There may, however, be
on rare occasions special advantages in its use.

DRUGS PRODUCING DEPOLARIZATION

Decamethonium Bromide

Chemistry. In 1948, Barlow and Ing (14) reported their study
on the curare-like action of polymethylene bisquaternary am-
monium salts. In this series of compounds, the one having ten
carbons between the two nitrogens was found to be the most
effective in the production of relaxation of muscle in the animal.

Effect upon the nervous system. Ellis, Morgan, and DeBeer
(91) in 1953 found depression of the respiratory center after the
administration of decamethonium in the dog following the return
of the peripheral nerve muscle unit to normal function. They
felt that there is some central nervous system effect with this
drug. Thesleff (331) in 1952 reported that decamethonium or
syncurine had practically no effect upon the transmission of
impulses through the ganglia. In fact, it required somewhere
between sixty-five and one hundred full paralyzing doses to
produce any effect upon ganglionic transmission.

Skeletal muscle. Decamethonium produces 1ts relaxation by
causing a depolanization of the nerve muscle area and a pro-
longation of this depolarization.

Clinical use. Organe (241) in 1949 reported the use of this drug
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in man. Its action is characterized by the rapid onset of relaxa-
tion within a period of three to four minutes after its intravenous
administration and a moderately long duration of cffect in the
range of fifteen to twenty minutes. Spencer and Coakley (309)
in an extensive study of this drug in 2,400 cases reported its
satisfactory use for many anesthesiological problems. They were
particularly pleased by its relative rapid onset of action and its
shorter duration of effect than with d-tubo curarine. There was
no evidence of histamine release or histamine production by the
administration of this drug.

A very complete report of pharmacological studies of de-
camethonium and other members of this series has been made by
Paton and Zamis (250) in 1952.

Succinylcholine Chloride

Chemistry. This substance was originally prepared and studied
from the pharmacological point of view by Hunt and Taveau
(154) in 1906 as one member of the series of cholines that they were
investigating upon the experimental animal. They did not ob-
serve the paralytic effect of this substance on their animal; it
was not reinvestigated until the studies by Bovet in 1949, and
DeBeer and his associates in 1949. Both groups were studying
the effect of choline-type compounds on the animal,

Absorption and excretion. This substance, due to its very
rapid onset of action and short duration, is best given by the
intravenous route. It is hydrolyzed in two stages in the body.
First, the succinyldicholine is hydrolyzed to succinylmonocheline
very rapidly; and second, the succinylmonocholine is hydrolyzed
slowly to succinic acid and to choline. Approximately three per
cent of the succinylcholine is excreted in the urine, and some-
where between six and ten per cent of the succinylmonocholine is
excreted in the urine according to studies by Foldes et al. (102).
The human body is able to take care of or hydrolyze a very
large amount of this drug in a relatively short period of time.
Martin, Nowill, and Stephen (202) in their study of this drug
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found in ten subjects after the intravencus administration of
1,000 mgm. of this drug in a period of ten minutes that apnea
lasted from eight to forty minutes with twenty minutes as an
average. In approximately ten to twelve per cent of patients
that receive a large dose of succinylcholine over a relatively long
period of time, there is a prolongation of the respiratory de-
pressant effect to a much greater extent than one would expect.
Martin, Nowill, and Stephen (202), as well as Davis, Ellis and
their associates (81), have written upon this subject. Neither
group has found a satisfactory explanation of this occasional
prolongation in the duration of the effect, nor has either of the
groups been able to find a mechanism by which this effect may
be terminated.

The nervous system. DeBeer and his associates (82) found
upon the study of the central nervous system effect of succinyl-
choline that there persisted a respiratory center depression after
the termination of the peripheral effect of succinylcholine on the
nerve muscle unit. Thesleff (331), in his studies upon the effect
of succinylcholine on transfer of impulses through the ganglia,
found that with this drug approximately 650 to 700 times the
total paralyzing dose was necessary before there was an interrup-
tion of transfer of impulse from the preganglionic to the post-
ganglionie fiber,

Skeletal muscle. The paralyzing action by succinylcholine upon
the skeletal muscle is by way of the production of a depolariza-
tion and a prolongation of the polarized state. All the character-
istics of this type of block as defined by Zamis earlier in this
chapter are present upon the administration of this drug. Of
particular easy observation is that of the fasciculation which
occurs almost routinely when a paralyzing dose of succinyl-
choline is administered intravenously in a shorter period than
thirty seconds. In a paper by Espinoza and Artusio (92), they
reported that the muscle function returned to 80 per cent of
normal within ten minutes after an initial paralyzing dose. They
are of the opinion that the respiratory muscle depressing dose is
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approximately the same as for other skeletal musele, and “.IO}'
conclude that it does not scem likely that there will be a relaxing
agent that spares the function of the respiratory muscle. In
contrast to this opinion, however, Thesleff (329), in his studies on
the muscle relaxant action of succinylcholine iodide in man,
found that .2 mgm. per kilo produced 100 per cent paralysis in
the muscles of the cxtremities, whereas .2 mgm. per kilo only
produced 60 per cent paralysis of the intercostal and diaphrag-
matic muscles.

Clinical use. Soon after the chemical and pharmacological
reinvestigation of succinylcholine by Bovet and his as<ociates (37)
and Phillips (255), the chnical use of this agent was reported
from Sweden by Thesleff (330) in 1952, by Scurr (204) in Britain
in 1951, by Bourne, Collier, and Somers (33) in 1952, by Foldes
and McNall (101), and by Little, IJampton, and Grosskreutz
(187) in the United States in 1052. Since that time, the wide-
spread use of succinylcholine as an adjunet to general anesthetic
agents in the production of relaxation of the skeletal muscles in
the absence of very deep anesthesia has become quite marked.
Martin and her associates (202), Davis and his associates (81),
Carlson and his associates (59), and others (310, 312) have
reported upon the effective use of this agent in various phases of
anesthesiology.

See table 52 for a summary of the relaxing agents.

GENERAL COMMENTS ON RELAXING AGENTS

The introduction of the use of curare or intocostrin in con-
Junction with cyclopropane anesthesia by Griffith and Johnson
(126, 127) in 1942 stands out as a very great landmark in the
field of anesthesiology. The combined use of a relaxing agent
and a general anesthetic presents certain advantages to the
patient and to the surgeon. From the patient’s point of view it
permits an operative procedure to be carried out with a much
smaller concentration or dose of the anesthetic than would other-
wise be possible (144). From the surgeon’s point of view it permits
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found in ten subjects after the intravenous administration of
1,000 mgm. of this drug in a period of ten minutes that apnea
lasted from eight to forty minutes with twenty minutes as an
average. In approximately ten to twelve per cent of patients
that receive a large dose of succinylcholine over a relatively long
period of time, there is a prolongation of the respiratory de-
pressant effect to a much greater extent than one would expect.
Martin, Nowill, and Stephen (202), as well as Davis, Ellis and
their associates (81), have written upon this subject. Neither
group has found a satisfactory explanation of this occasional
prolongation in the duration of the effect, nor has either of the
groups been able to find 2 mechanism by which this effect may
be terminated.

The nervous system. DeBeer and his associates (§2) found
upon the study of the central nervous system effect of suceinyl-
choline that there persisted a respiratory center depression after
the termination of the peripheral effect of succinylcholine on the
nerve muscle unit. Thesleff (331), in his studies upon the effect
of succinylcholine on transfer of impulses through the ganglia,
found that with this drug approximately 650 to 700 times the
total paralyzing dose was necessary before there was an interrup-
tion of transfer of impulse from the preganglionic to the post-
ganglionie fiber.

Skeletal muscle. The paralyzing action by succinylcholine upon
the skeletal muscle js by way of the production of a depolariza-
tion and a prolongation of the polarized state. All the character-
istics of this type of block as defined by Zamis earlier in this
chapter are present upon the administration of this drug. Of
particular easy observation is that of the fasciculation which
occurs almost routmely when a paralyzing dose of suecinyl-
choline is administered intravenously in a shorter period than
thirty seconds. In a paper by Espinoza and Artusio (92), they
reported that the muscle function returned to S0 per cent of
normal within ten minutes after an initial paralyzing dose. They
are of the opinion that the respiratory musele depressing dose is
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adequate or total relaxation as desirable on thirty scconds’ notice
without increasing the dose of the anesthetic agent. This combina-
tion is particularly satisfactory with eyclopropane and a relaxing
agent and particularly with eyelopropane and succinylcholine, in
that with eyclopropane in concentrations which produce adequate
relaxation, there may arise cardiac and cardiovascular effects
that are undesirable; whereas with the addition of the small
amount of succinyleholine, adequate relaxation can be produced
under minimal doses of cyclopropane. It is hoped that by the
judicious use of the anesthetic agent combined with the relaxing
agent that the public health problem of anesthetic deaths as
reported in detail by Beecher and Todd (15) in 1954 can be
reduced to a bare minimum, This judicious use of the relaxing
agents, however, demands that the individual using these agents
be prepared at all times to assist the respiratory cffort of the
individual or to take it over completely. This in turn requires
that the individual have a close-fitting mask available in use, or
better T think to have an endotracheal tube in place so that he
can adequately maintain the patient’s gaseous exchange. This is
particularly desirable in relation to relaxing agents and cyclo-
propane anesthesia where it has long been known that cyclo-
propane anesthesia alone depresses the respiratory activity to
such an extent that unless it is augmented by the anesthesiologist,
t?xere will be an accumulation of carbon dioxide which is often-

times undesirable.
.It seems to me that succinylcholine provides the anesthe-
siologist with a most satisfactory agent from the production of
{elaxation. It might be considered an agent that approaches the
ideal relaxing agent. This conclusion is based upon many factors.
Thg most important and more readily observed are: first, the
rapidity of onset of action once the drug is given intravenously;
second, the rapidity with which the action of the drug is ter-
minated aft_e%' its effect has been produced, the onset of maximum
Covery o S i e o st wod, Wt o xe
> eight minutes—
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Explosive Hazards and Explosions
with Cyclopropane

Cyclopropane, like the other inhalation anesthetic agents ex-
cept nitrous oxide and chloroform, is explosive when diluted
with air or oxygen over the range of concentrations which are
necessary for anesthesia. Jones (161) has made careful studies of
the explosive properties of different anesthetic agents including
the upper and lower limits of inflammability in both air and
oxygen mixtures as well as the minimum ignition temperatures
in air and oxygen. Data taken from his report are given in table
6, page 14. The range of inflammable concentrations of cyclo-
propane in ajr and oxygen is slightly less than that of diethyl
ether, but the anesthetic concentrations of each agent fall within
the inflammable limits. The minimum ignition temperature for
an ether-air mixture is 304°C., whereas that for cyclopropane-air
is 498°C.

The explosive hazards of cyclopropane must be kept in mind
when it is used and precautions taken to reduce these hazards.

These precautionary measures may be divided into two groups:
First, the forbidding of the use of electrical apparatus or open
flame in the operating room when cyclopropane or other inflam-
mable agents are in use, such as electric motors for various uses,
particularly for suction-pressure apparatus, x-ray and fluoro-
scope, high-frequency machines, cautery, and so forth: the fact
that relatively few explosions with cyclopropane have been
attributed to the use of electrical apparatus in the operating
room indicates that the operating team has used care in this
regard. Second, the prevention of the electrostatic charge and
spark; explosions due to the sudden release of static charges are

257
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thus it is very flexible, third, the ability to use the drug for single
injection or continuous or intermittent drip to produce total
relaxation for the duration of one to three minutes upon single
injection, or satisfactory relaxation for periods of hours upon
continuous or intermittent injection.
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Two cases jnvolved ether-O; and caused death of 1 patient by
Tung injury and slight injuries to several members of the operating
room staff. Four cases involved ether-N.0-0; and caused the
death of 2 patients by lung injury, burns of the head of another
patient, and slight burns of an anesthetist and 2 by-standers.
One case involved ethylenc-Ox and this patient died of a ruptured
lung. Three cases involved cyclopropane-O; and caused the death
of 2 patients with ruptured lungs. One case involved an unknown
combustible agent mixed with N:0-0: and caused a moderately
serious burn of the face of the patient.

4. Actual cautery. Twenty-two cases, total. Six cases involved
ether-air and caused death of 1 patient with lung injury, and
burns of 2 by-standers. Three cases involved ether-O. and caused
death of 1 patient with lung injury. One case involved cyclo-
propane-0,—no injuries. One ease involved ethyl chloride-air—no
injuries. Six cases involved ether-N+0-O» and caused the death of
2 patients and slight injuries to 3 persons. One of these 4 cases
also contained ether and N,O; this ca<e caused only slight injury
to the anesthetist. One case involved acetylene-O, and caused
slight injury of the patient.

5. Electrostatic sparks. Sixty-six eases, total. Five cases involv-
ing ether-air—no injuries. Six cases involving ether-O, and caused
severe burns of 1 patient and slight injuries to 2 anesthetists and
I by-stander. Fifteen cases involving ether-N,0-O, and caused
death of 1 patient by lung injury; bilateral lung injury in another
patient who recovered; death of anesthetist by burns; and 4
Datients suffered contused eyelids and other shight facial injury.
One case involving ethylene-air—no injuries. One case involved
ethylene-N,O—anesthetist killed by bursting of tank and attend-
ant maimed. Twenty-four cases involving ethylene-O, and caused
:t l;::rt)\ex;‘tsq ;:sxii:tinf 1ung§l 'mjmi): 3 .oi t11e§e. werle also getting
thetists andl 2 by standers iy soiousty Injured; and § anes-
g cyclopro;an}e—o Zn?irz:ulfed 5 “tl%munf)% Fogrteen S T i v

(2 of these were also2 getting ether-(;\zYl O)O 1 patients by. lung injury
20), 1 patient possibly suffered
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more difficult to prevent than those from electrical apparatus.
The custom of having a relatively high humidity, 60 per cent or
more, in the operating room is undoubtedly of value since the
moisture tends to prevent the building up of electrostatic charges.
The humidity in the anesthetic system will scon reach a high
level as rebreathing continues, but for safety one should rinse
the bag with water before the gases are run into it.
Considerable work is being done at the present in an attempt
to develop apparatus or equipment which may be used in the
operating room to prevent the electrostatic explosions with
cyclopropane; this work has not progressed sufficiently for the
acceptance of any set of equipment over another (67).

EXPLOSIONS UNDER CYCLOPROPANE

The Committee of Fires and Explosions of The American
Society of Anesthetists (67) has published a brief report of its
study of explosions. The report covers 170 cases of fires or explo-
sions under different anesthetic agents. Cyclopropane was the
anesthetic in use in 21 of the total 170. The summary of this
report is given below, as well as an excerpt from the discussion
of the commuttee.

Summary of Anesthetic Exzplosions and Fires

1. Suction-pressure machine-spark in switch or motor of
machines of many different manufacturers Thirty-nine cases.
Thirty-eight involved ether-air and 1 cyclopropane-O.. One
person died and 4 were injured. No injury in cyclopropane case.

2. X-ray fluoroscopes. Eight cases, total, Four cases involved
ether-mr mixtures and caused no injuries. Three cases involved
ether-N,0-O, mixtures and caused death of 1 patient by pul-
monary injury, and facial mjury to 2 patients who recovered
fully. One case mvolved cyclopropane-O, and caused slight
injury to patient and anesthetist.

3. High-frequency machines (medical and surgical). Thirteen
cases, total. Two cases involved ether-air and caused no injuries.



EXPLOSIVE IIAZARDS AND EXPLOSIONS 261

12. Faulty eleetrical wall plug. One case involving ether-N:0-O:
causing severe burns of face and extremities of surgeon and
anesthetist.

18. Miscellancous (including cases too vaguely described to be
classified with the above groups). Fourteen cases, total. One case
involving rapid release of large tank of ethylene with ignition of
gas at valve outlet causing slight burn of attendant. Six cases
involving ether-air or O, ignited by spark in some form of clec-
trical apparatus; five cases failed to report as to injuries; one
case caused patient severe head burns, surgeon severe leg and
hand burns and nurse slight burn. Five cases involving ether-air
or O, ignited by spark resulting from “faulty wiring”. No report
as to injuries given. Two cases involving cther-air—cause of
ignition and injuries not stated.

The very great majority of anesthesia explosions and fires and
fatalities due to these have been preventable, and probably will
be prevented by the raising of the standards of education and
practice of anesthesiology. The most common cause of the great
majority of anesthesia fires and explosions has been due to igno-
rance of the general principles of hasic medical science involved
in the administration of modern anesthetics.

Comments relative to two or three points in the summary
quoted above are desirable: First, that out of 99 accidents (groups
1, 2,3, 4,6, 7, 10) which could have been prevented by careful
application of our present information, only five occurred while
cyclopropane was heing administered; this would indicate that
a considerable amount of caution has been used with the simul-
taneous administration of cyclopropane and the use of special
electrical apparatus. Second, that of 66 accidents due to electro-
static spark, cyclopropane was the agent in 14 cases. Third, the
percentage of fatalities in the explosions with cyclopropane is

much higher than with the other agents. These fatalities were
due, as a rule, to the rupture of the lungs; this may be due to one
of two or a combination of two factors, that a mixture of cyclo-
propane and oxygen explodes with a greater force than the other
agents or that, due to the use of a closed system while administer-
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lung injury (died 8 days later of advanced pulmonary the and
pneumonia); 2 patients suffered lung injuries but fully recovered;
3 anesthetists and several by-standers slightly injured.

6. Cigarettes or matches. Five cases, total. Three cases involv-
ing oxygen therapy equipment and causing death of 2 patients,
severe burns of 1 patient and slight burns of 2 patients. One
case involving ether-air—no injuries. One case involving ethylene-
acetylene-O;'—no injuries.

7. Open flame. Seven cases, total. One case involving ether-
air—no injuries. One case involving ether-O, causing death of
patient. Three cases involving ether-N:0-Or—no injuries. One
case involving ethylene-O. causing slight burns of dentist, 2
assistants and patient. One case involving an unstated anesthetic
causing death of the patient by lung rupture.

8. Endoscopic instruments. Four cases, total. One case involv-
ing ether-air causing pharyngeal burn of patient who recovered
fully. One case involving ether-air or -oxygen causing death of
patient by lung injury and facial burn of surgeon. One case involv-
ing ethylene-O,—injuries not stated. One case involving cyclo-
propane-0,—no injuries.

9. Pressure explosions due to sudden release of tank pressure
into anesthetic machines not bearing safety valves. Six cases,
total. Four cases involving oxygen causing laceration of face
of patient. One case involving carbogen causing laceration of
arms of anesthetist. One case involving nitrous oxide causing no
injuries. .

10. Fires caused by ignition of combustible agent used for
surgical field preparation. Five cases, total. Five cases involving
alcohol or alcoholic solution, two were ignited by cautery causing
one patient second degree burns of lips and cheek, two were
ignited by surgical diathermy causing death of 1 patient by burns.
One case involving ether causing the death of patient by burns.

11. Oxygen-oil combustions. Two cases, total. One case involv-
ing a broken gauge with oil in line causing shght burn of face of
anesthetist. One case involving an oil-containing leather washer—
no injuries.
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type of source of ignition hetween the American cases and those
of the British is due to the difference in time of 1935 to 1938,
and around 1950, or whether it is due to increased measures to
climinate actual spark other than static, one cannot say as there
is no recent report in the American literature covering recent
series of explosions.

Considerable work has been done during the past ten to fifteen
years in an effort to develop a non-explosive inhalation anesthetic
agent that could be used safely to supplant the explosive agents
like ether, ethylene, divinyl ether and cyclopropane. N

We (268) have reported on the study of a long series of fluora-
nated and halogenated hydrocarbons as possible anesthetic
agents in the animal. As a result of our studies, several were
found that were satisfactory in producing anesthesia rapidly,
but all produced a fall in the blood pressure during the deeper
phases of anesthesia in the animal.

Raventos (263) and Johnstone (160) have reported their studies
on the use of fluothane in anesthesia in animals and in man,
respectively. This substance has many of the attributes of a
satisfactory non-explosive inhalation anesthetic agent, and pre-
liminary or early reports showed it to be a very satisfactory
drug. More recently, however, reports of undesirable reactions
in the patients, particularly in relation to cardiac arrhythmias
and significant falls in blood pressure during anesthesia, are
making its use as a safe anesthetic less probable. (351, 352, 353)

Thus it will be necessary for us to use the greatest caution in
relation to those methods by which the hazards of explosion during
the use of the explosive agents will be reduced to an absolute
minimum. Except for the explosive hazard of ¢yclopropane, and
these may be prevented entirely by proper application of our
present knowledge as stated by Greene in 1941, it is the most
satisfactory and most maneuverable of the inhalation anesthetic
agents in use at the present time.

The greatest need of the anesthetist at the present time for the
safe administration of cyclopropane is a simple and efficient
System or apparatus which will prevent the risk of explosions.
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ing cyclopropane and oxygen, the pressure built up in the anes-
thetic-respiratory system is greater than when open technic is used.

Greene (115) in 1941 wrote on the hazard of fire and explosion
in anesthesia and reported an investigation of 230 cases in which
there were thirty-six fatalities. In his analysis of the causes of the
explosions, he found that the use of the x-ray apparatus, the
cautery, the diathermy, suction-pressure machines, and endo-
scopic apparatus, all of which may have an open spark, were the
causative agents in 161 of the explosions, whereas static electricity
was ruled the causative agent in only sixty-three. The major
agents in use for the anesthesia at the time the explosion occurred
were ether in 141 instances, ethylene in 38 instances, and cyclo-
propane in 22 instances. Although cyclopropane was in use in
approximately nine per cent of the explosions, death as a result
of the explosion under cyclopropane accounted for about twenty-
two per cent of the total. In the summary it is stated that seventy
per cent of the explosions and sixty per cent of the deaths of
patients were caused by igniting agents other than static, and
these were completely preventable by measures known at the
time of their occurrence. The sixty-three explosions ignited by
static electricity might have been prevented because in no case
were there in use all of the safeguards which were known and
recommended by competent authorities at the time of the explo-
sions.

The most recent report on the explosive hazards of anesthetic
agents is that called “The Working Party on Anesthetic Explo-
sions” by the Ministry of Health, London, 1956, with Professor
Gilbert Stead (311) as the chairman. This report covers the
period of 1947 through 1953 Cyclopropane was used as the main
anesthetic agent in twelve of these accidents, ether being the
main anesthetic agent in eighteen of the accidents. The probable
source of ignition 1n this series is the exact reverse of that in the
two previous series mentioned in that static spark accounted for
over sixty per cent of the ignition sources, whereas electric heater,
diathermy, switch, ete. accounted for less than thirty-eight per
cent of the sources of the ignition. Whether this difference in the
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man, 120-127
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Cyclopropane anesthesia—Continued
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venous pressure, 131-133
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effect upon cardiac output, 125
eyclopropane for anesthesia  and
respiratory arrest, 32, 33
gastrointestinal activity, 173-176
beart rate after sympathetic denerva-
tion, 82-87
premedication, 191-199
respiration, 165

Nodal estrasystoles and resprratory
arrest, 41, 42, 46-52

Oxygen, high tepsion and respiratory
depression, 163-165

Pentobarbital, premedication, 192
Pituitrin and cyclopropane contraindi-
cation, 220-231
Postoperative complications, 209-217
Potassium, increase after epinephrine
duning  cyclopropane anes-
thesia, 75, 76
Premedication, blood gas changes and,
cardiac rregulanties with eyclopro-
pane, 87-97
see special agents
Procaine amde, cardrac icregularities in
dogs, 101
1 man, 106, 107
effect upon cyclopropane-epinephrine
irregularities, 100, 101
Propylene, impurity in eyclopropane, 12,

Pulmonary eollapse, 166-170
edema, 211, 212

Quinidine, effect upon cyclopropane-

CYCLOPROPANE ANISTHESIA

epinephrine irregularities
102
Relaxing agents, classification of, block
by competition for acetyl-
choline receptors, 237
block by prolonged depolarization,
237

general comments on use, 253-256
loss of muscle fupction, order of,
237, 238
se¢ curare
decamethonium
dimethyl d-tubo curarme
d-tubocurarine
Flaxedil
laudalissin
mytolin
suceinyleholine chloride
summary table of, 254
Renal blood flow, diodrast, 185
para-aminohippurate, 184, 186, 187
Respiration, minute volume, effect of
eyclopropane on, 151-157
oxygen depression, 163, 164
rate, effect of cyclopropane on, 151-
154

Respiratory arrest, revival of animal
after, 27, 28, 41, 42
complications followmg anesthesia,
210-212

Salivary sectetion, effect of anesthetics
on, 151
Scopolamine, 191, 192
gastrointestinal activity, 173-175
vagal effect, 191, 192
Secobarbital and cardiac irregularties
in man, preventton, 107, 108,
194-199
Statse charges, 257, 250, 262
Succinylecholine  chloride, absorption,
hydrolysis and excretion, 251,
262
chinieal use, 253
effect upon nervous systent, £52
skeletal muscle, 252, 253






