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Cycrorroraxe remains a controversial anesthetic agent. Among the
objections to its use is the o¢currence of eardine arrhythmias. Since
we regard the drug as one of ‘extraordinary value in clinical practice,
we have embarked on a long-term study of its effects in man. In this
paper we shall present evidence indicating that cardiae arrhythmias
which oceur during cycloprofgane anesthesia are innocuous in normal
man, that they can be produced at will by inducing either deep anes-
thesia or hypercarbia, and that there is a relationship between the
cyclopropane concentrations and the degree of hypercarbin necessary
to produce arrhythmias. An analysis of the mechanisms involved in
the development of cardinc arrhythmias during eyclopropane has heen
begun and preliminary data‘will be offered.

These studies differ from others with a similar.aim in certain im-
portant respects. They were carried out in individuals whose re-
sponses to the experimental variables of cyelopropane and ecarbon
dioxide tensions were not influenced hy drugs given prior to anesthesia
(opiates, barbiturates or belladonna derivatives), nor by reflexes or
alterations in function secondary-to operation. The period of obhser-
vation was prolonged and much of the data was recorded continuously.
The conecentration of eyclopropane in end-expired air was maintained
constant within one volume per cent for the purpose of studying
“steady states’’ of anesthesia.

Mertirons

Subjects were anesthetized using a closed cirele ecarbon dioxide
absorption system incorporating a 450 Gm. soda lime canister and a
nonrebreathing valve at the mask or endotracheal tube fo maintain
one-way gas flow through the system. TFresh gases were admitted to
the system from a standard Foregger anesthesia machine with water
flowmeters. A 5-liter anesthesia bag or a bellows ventilator providing
various constant tidal volumes was incorporated in the circle system
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to serve as a gas reservoir and to assist or control respiration. The
inspiratory side of the system included an Emerson ventilation meter
or a standard dry test gas meter for the measurement of respiratory
tidal or minute volumes. .

End-expiratory carbon dioxide concentration was measured con-
{inuously by an infrared carbon dioxide analyzer (Liston-Becker model
16), mounted directly on the expiratory side of the nonrebreathing
valve, The entire expiratory gas flow was passed through the pickup
cell, which was of a low-resistance type with a small optical path for
use with high concentrations of carbon dioxide. The unit was cali-
brated immediately before and after each study with 7 different gas
mixtures, ranging in concentration from 3.1 per cent to 18.8 per cent
carhon dioxide in oxygen. The output of the carbon dioxide analyzer
was recorded on a high speed oscillographic recorder.

Arterial blood pressure was measured continuously through an
indwelling 21 gauge thin-wall needle placed in the brachial artery,
except in one patient whose femoral artery was used. The pressure
pulses were transduced by a strain gauge and strain analyzer and
traced on a 2-channel Brush oscillographic recorder, the other chan-
nel of which was used to record the clectrocardiogram. Mean blood
pressure was obtained by planimetrie integration of the pressure
curves.

The lead 2 electrocardiogram was recorded continuously at a paper
speed of & mm./second. Records were taken at 25 mm./sccond every
two minutes and at periods of particular interest. Heart rates were
caleulated by counting all the beats oceurring in a two minute interval.
Amplification was effected by a Sanborn Viso-Cardiette with the ont-
put modified for recording on the Brush oscillograph.

The right fronto-oceipital bipalar electroencephalogram was mon-
itored continuously in two-thirds of the subjects on an Edin Anestho-
graph, using needle electrodes.

Arterial blood cyelopropane coneentration was measured by the
method of Orcutt and Waters (1). End-expiratory gas cyclopropane
concentration was determined by absorption in 30N sulfuric acid.
Tn most subjects the relation between énd-expired air and arterial
blood eyclopropane concentrations was found te he nearly constant.
Calculation of the arterial concentrations from those measured in
end-expired air was correct within 1-2 mg. per cent at anesthetic
concentrations of cyclopropane, and roughly one-fourth of the con-
centrations of eyclopropane ““in arterial blood”’ reported in this paper
have heen so caleulated.

In five eases arterial plasma potassium concentration was meas-
ured with an internal standard flame photometer.

The data were analyzed for statistical significance by means of
the Fisher ¢ test (2).

The caleulation of end-expiratory earbon dioxide levels from the
infrared analyzer tracings was complicated by several factors. First,
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tidal volume had to be sufficient (about 200 ml.) to deliver an end-
expiratory sample with a CO, tension close to that in alveolar air.
Second, gas saturated with water vapor at 37 C. apparently contained
only 70 per cent of the expected vapor tension when delivered to the
carbon dioxide analyzer through the conmection employed in our
study. This finding suggests that the expired gases were cooled 1-2
C. after leaving the subjects’ alveoli, and before entering the analyzer.
Towever, we have used the conventional expression for calculating
pCO,, i.e. per cent CO, X (barometric pressure minus 47 mm. of mer-
cury). We also used 760 mm. of merecury instead of the ambient
value. These two errors are in opposite direetions, and tend to eancel
out. The total error introduced by these approximations was nearly
constant for any particular study, and was less than 2 mm. of mereury
at normal CO, tensions and 5 mm. of mercury at elevated levels.

Cyclopropane contributes to the reading on the CO. analyzer by
its ““pressure-broadening’’ effect (3, 4), a phenomenon shared by
most gases. On our apparatus the error introduced by eyclopropane
was proportional to the amount of earhon dioxide present as well as
to the cyclopropane concentration. This can be expressed by the
equation: ApCO, (mm. of mereury) = pCO, X (0.00334 X volumes per
cent C;I1,; 4+ 0.0155), where apCO. is the error introdueed. All values
reported here have heen correeted for this effect of eyelopropane.

Drift in the instrument between ealibrations was usually negli-
gible, the greatest deviation being 3 mm. of mereury.

Thirty-one patients were studied, 27 of whom were female and 29
Negro. The age range was from 20 to 57 years, but most of the
subjects were between the ages of 20 and- 40 Twenty-eight were
considered to be in excellent health and thie others in good condition
but for a hemoglobin concentration of 9.2 Gm. per cent i ‘one, mild
hypertension in unother, and regional ileitis and weight less in a third.
After the period of study, which took an average time of three hours
and varied from two to four and one-half hours, all but the last pa-
tient were subjected to a minor surgical procedure.

The studies were commenced in the early morning with the pa-
tients in a fasting state. No preanesthetic medication was given and
none of the patients was receiving any drug therapy other than anti-
biotics. No drug other than cyclopropane was given during the course
of study exeept in specified instances. A total of 500-1,000 ix. of
heparin was used to keep the intra-arterial needle open.

Anesthesia was induced with eyelopropane and oxygen after a 20-
minute initial period of oxygen breathing. Depth of anesthesia was
increased to the point where tracheal intubation with a euffed 32 to 35
F. endotracheal tube could be accomplished. This entailed moder-
ately deep anesthesia, with controlled respiration.

After measurements were made at a stable anesthetic concentra-
tion the carbon dioxide absorber was excluded from the system and
carbon dioxide was added from an external source in most instances,
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with the aim, of attaining a level at which cardiac arrhythmias ap-
peared. In some cases the pCO, was maintained at this level and in
others it was elevated to a maximum of 140 mm. of mercury. Levels
exceeding 100 mm. of mercury were reached in 20 of the 31 subjeets.
A carbon dioxide tension greater than 50 mm. of mercury was main-
tained for an average of forty-nine minutes in each patient subjected
to hypercapnia, while the average time at pCO, levels less than 50 mm.
of mereury was ninety-seven minutes. The period of hypereapnia was
ended by stopping the addition of earbon dioxide and returning the
eanister into the system. Efforts were made to maintain ventilation
at a constant rate and volume in order to keep a steady anesthetic
concentration and full oxygenation of arterial blood as well as to ex-
elude intrathoracic pressure change as a variable. Since cyclopro-
pane concentrations were usually high, controlled respiration was in
force a large part of the time. Thix often gave way to spontancous
respiration as pCO, was elevated.

The types of cardiac rhythm observed were classified according to
conventional methods (3). During every period of cardiac arrhythmia
considered in this study, arterial blood oxygenation was thought to he
excellent as judged by the usual elinieal eriteria as well as by the ap-
pearance of the arterial Dlood samples that were frequently drawn
as arrhythmia appeared.

ResvLts

CARDIAC ARRHYTHMIAS IN TIE ABSENCE OF IYPERCARBIA

Types and Incidence—Coxtuor. During the control period of oxy-
gen breathing, end-expired pCO, ranged from 30 to 46 mm. of merenry.
Cardine rhythm was of normal sinus type in all subjects exeept that
ventricular extrasystoles occurred in 4 subjects with an average fre-
queney of three in 10 minutes. Oceasional atrioventrienlar nodal
extrasystoles occurred in one subject.

Dunixe Cyoroprorant ANEsTHEsL. General observations: From
the onset of anesthesia until completion of the study it was not always
possible to measure pCO, or cyclopropane concentration at a given
moment. Breath holding, respiratory tract obstruction, manipulation
incident to tracheal intubation, for example, interfered. Continuous
cleetroenrdiographic tracings were recorded in all 31 subjects, how-
ever. Analysis of these tracings revealed that normal sinus rhythm
predominated during cyclopropane anesthesia except when the pCO.
was deliberately elevated. ‘When ventrienlar extrasystoles were pres-
ent hefore the induction of anesthesia, they disappeared or were re-
duced in frequency immediately after induction. The arrhythmias
which did occur during anesthesia in the absence of purposeful pC0,
elevation consisted of the following types: first degree heart hlock,
wandering pacemaker, atrial extrasystoles .or fibrillation, complete
heart block, atrioventricular nodal rhiythm, atrioventricular nodal
‘extrasystoles, and ventricular extrasystoles from one or more foci,
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including multifocal ventricular tachycardin. Usually the arrhythmias
were impure, changed from one type to another, and often reverted to
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normal sinus rhythm during apparently unchanged conditions.

Observations when pCO, was known: When end-expiratory pCO.
was measured and found to be normal or subnormal (range 20-43 mm.

TABLE 1

Tyres oF CARDIAC ARRHYTIMIAS OCCURRING DURING CYCLOPROPANE ANESTHESIA

(pCO: NORMAL OR SUBNORMAL)

Arterial

Case - End-Expired Cyclopropane

Nawaher Arisbinia (omen Sl meveury)| Goncratration
7 Heart block, idioventricular rhythm, VEX 20 44
10 Atrinl EX 26 24
1 A-V nodal rhythm K74 25
Wandering pacemaker 3 27
13 Wandering pacemnker and nodal rhythm 39 17
Nodal R&3 24
Varying A-V block and nodal 23 27
14 First degree heart block and wandering pacemaker 32 18
Wandering pacemuker VEX and nodal rhythm 32 21
Wandering pacemaker and nodal thythm 32 %)
15 Nodul rhythm and VEX k53 20
Nodal rhythm 32 b0
MFVT and VEX 32 26
16 Wandering pacemaker 20 26
18 VEX not preceded by supraventricular archythmin 40 22
1M Nodal rhythm — nodal chythm and VEX 3 28
20 Atrial EX, atrinl and nodal EX € 22
.VEX not preceded by supraventricular arrhythmin 38 28
MFVT 48 30
First degree A-V block M 26
22 Nodal rhythm E{ 22
24 First degree A-V block 18 18
A-V nodal rhythm nnd incomplete henrt block ki1 28
A-V nodal rhythm 32 30
27 VEX with sinus rhythm; preceded by RSR 44 23
28 RSR — VEX with nadal rhythm 20 26
29 A-V nodal 32 17
Nodal rhythm — VEX with nodal rhythm 32 23

MFVT = multifocal ventricular tachycardia

EX = extraaystole
VEX = ventricular extrasystole

AV = atrio-ventrieular
RSR = regular sinus rhythm
— = progressing to
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of mercury), cardiac arrhythmias occurred in 19 of 29 subjects. All
types of arrhythmia listed above were seen with nodal rhythm and
ventrieular extrasystoles predominating. In this group cardiac ar-
rhiythmias appeared, on the average, once in every hundred minutes of
anesthesia and persisted for five minutes. An arrhythmia was consid-
ered to be present when more than onc abnormal beat occurred in two
minutes. Beats originating in the sinoatrial node were frequently
present together with those of abnormal origin. .

_In those instances when the end-expiratory pCO. was normal or
subnormal, and end-expired or blood cyclopropane concentration had
heen maintained constant for fifteen minutes or more, the types of
arrhythmias noted are deseribed in table 1 and the incidence in
table 2. The arrhythmias are divided according to the site of origin
of the impulse initiating ventricular systole. Most (80 per cent)
arrhythmias were of atrioventricular nodal or ventrieular origin, or
both. The ineidence of hoth types inereased rapidly at arterial blood

TABLE 2

INCIDENCE 0F CARDIAC ARRHYTHAMIAS AT NORMAL AND REpUCED pCO:
DunrING CYCLOPROPANE ANESTHESIA

Number and Per Cent of Subjects Exhibiting Arrhythmins

Arterial Blood| Ngumber of

ubjeets
Cyslopropane | X\iuinin Total e
(rmig. per cent)]  Ahia Can- A-V Nodat

Supraventricular
Inrludin; A-V Nodal Ventricular

Number | Per Cent | Number | Per Cent | Number | Per Cent | Number | Per Cent

11-15 27 1 4 1 4 0 0 0 0
16-20 24 5 21 5 21 3 13 1 4
21-25 16 9 55 7 44 [ 38 4 25
25-30 9 8 89 7 78 5 56 4 44

cyclopropane concentrations above 15-20 mg. per cent, but at any
particnlar cyclopropane concentration the incidence of ventricular
rhythms was less than that of nodal rhythms. When ventricular
extrasystoles were oceurring, the interspersed beats of supraventricu-
lar origin were initiated from the artioventricular node in 6 of 9 cases.
The mean eyelopropane concentration at which arrhythmia appeared
for the first time was 25.9 = 7.1 (S.D.) mg. per cent. The correspond-
ing mean pCO, was 33.3 mm. of mercury.

Heart Rate Before and During Cardiac Arrhythmias—Surrs-
VENTRICULAR ARriryrHaias. Nine subjects developed supraventrieular
arrhythmias on twelve occasions during anesthesia when end-expired
pCO, was normal or subnormal. The average heart rate in this group
before the induetion of anesthesia was 74.6 contractions per minute.
The average rate during anesthesia when cardiac rhythm was normal
was (1) 70.7 for the whole period of normocarbia or liypocarbia, and
12) 67.4 for the period preceding the development of an arrhythmia
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by thirty seconds or less. The difference between (1) and (2) was
insignificant, although p was close to the significant level (0.06). The
average rate during supraventricular arrhythmia was (3) 68.5, and
differed insignificantly from either (1) or (2).

VestricuLar ArrayraMms. Corresponding data from 9 subjects
who developed ventricular extrasystoles on ten oceasions were: (1)
744, (2) 67.3, and (3) 82.3. The difference hetween (1) and (2) was,
again, insignificant (p=10.06), while that between (2) and (3) was
highly significant (p < 0.01). The increase in rate appeared to be
attributable to the addition of ventricular ectopic beats to those of
supraventricular origin.

Bradyeardia (rate less than 60 per minute) preceded the develop-

ment of a ventricular arrhythmia in only three instances. The lowest
sinus rate measured was 48 contractions per minute. Lower regular
rates counted from peripheral pulses probably result from the presence
of bigeminal rhythm with pulsus alternans, when alternate heats are
too wenk to be palpated peripherally.
Arterial Blood Pressure Before and During Cardiac Arrhythmias—
SurravexTricULAR ArguytuyMiss, The development of supraventrieu-
lar arrhythmias was neither preceded nor followed by a statistically
signifieant change in arterial blood pressure. The average pressure
in the 9 subjeets who developed supraventricular arrhythmias on twelve
occasions at normal or low pCO. was (1) 119/74 mm. of mercury
during the entire period of anesthesia during which pCO. was normal
or low, (2) 124/80 mm. of mercury during a period preceding the
arrhythmia by thirty seconds or less, and (3) 124/80 mm. of mercury
during the period of arrhythmia.

VENTRICULAR ARRHYTHMIAS. In contrast, the ventricular arvhyth-
mias were preceded by a significant elevation of arterial blood pres-
sure. The averages corresponding to those given: above were (1)
120/77, (2) 131/84, and (3) 133/79 mm. of mercury. The difference
hetween (1) and (2) in this case was statistieally signifieant (p <
0.05) when comparing systolic blood pressures, and possibly so (p=
0.06) for dinstolic pressure. The difference hetween (2) and (3) was
insignificant.

Carbiac Arenyrumias Dunixe Iypercarsia

Types and Incidence—The types of arrhythmias oceurring during
hypercarbia were identieal with those ohserved during normocarbia,
but the appearance rate was greater, averaging 4.5 per 100 minutes,
and abnormal rhyfhms occupied over 60 per cent of the time during
which pCO. was elevated. There was no evidence that hypercarbia
significantly affected the incidence of supraventrieular arrhythmias.
Cardiac rhythm changed from normal sinus to A-V nodal in 3 of 28
subjects during hypercarbia before the appearance of ventricular
extrasystoles; no cases exhibited the opposite change. Ventricular
extrasystoles were relatively more numerous than during normocarbia,
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and were present in 83 per cent of the total number of arrhythmias
observed.

There was no subject in whom a ventricular arrhythmia could not
be produced by elevating the pCO, but the pCO, level at which an
arrhythmia appeared (‘‘threshold” level) varied considerably from
subject to subjeet. The “‘threshold’’ values for pCO. ranged from
44 to 107 mm. of mercury, with a mean of 74 mm. of mercury. The
average blood cyclopropane concentration at the pCO, ‘“‘threshold”
was 18 mg. per cent (range 8 to 30). There was no apparent relation
between the occurrence of arrhythmians and the type of respiration
(spontaneous or controlied) present at the time.
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¥ia. 1. Relation Dbetween end-expired eyclopropane and carbon dioxide concentrations
at threshold for ventricular arrhythming. Joined points represent obscrvations in the same
patient. Open dots represent purposeful CO, clevation, Solid dots represent thresholds
with cyclopropane at normal or subnormal CO,. Short arrows identify means for each group.
Dotted curve represents envelope below which ventrieular arrhythmiss did not oceur.

Individual differences in threshold could be attributed in large part
to the fact that the pCO, level at which arrhythmias occurred depended
upon the cyclopropane concentration in arterial blood. This relation
is illustrated in figure 1, which shows that in 9 of 10 cases in which
multiple observation were made in the same subject, the pCO,
threshold for ventricular arrhythmias was increased by reducing the
cyclopropane concentration, and vice versa. In general, the higher
the cyclopropane concentration, the lower the pCO, threshold, and,
sinee all the ventricular arrhythmias observed in this study fell in
the area above the dotted line in figure 1, these arrhythmias are con-
sidered unlikely to oceur at normal pCO, if the arterial cyclopropane

.. concentration is less than 15 mg. per eent (21 per cent alveolar concen-
tration). In eontrast, if the pCO, is permitted to increase, ventricu-
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lar arrhythmias may be expected at any cyclopropane concentration in
the anesthetic range.

Since pCO, was increasing relatively rapidly when arrhythmias
were produced by hypercarbia, the body tissue tension of CO, was
undoubtedly less than that in alveolar air. For this reason, the
pCO, arrhythmia “‘threshold’’ would tend to be overestimated. In an
attempt to determine the importance of this, the apparent pCO,
threshold for arrhythmia was plotted against the rate of rise of pCO,
for all subjects whose arterial cyclopropane concentrations ranged
from 15 to 20 mg. per cent (fig. 2). The data suggest that the pCO,
threshold for arrhythmias was overestimated in proportion to the rate
at which pCO. was elevated, and that the actual threshold for this
group (rate of rise extrapolated to zero) was approximately 60 mm. ‘of
mercury rather than the average value of 76 mm. of mercury actually
observed in these cases.

Pco, thraeshold

1301  mm.Hg /

120 5

} + + } } + }
2 4 © 8 10 12 14
— Rale of rise of Pco; mm.1g/min.

Fio, 2. Effeet of rate of pCO, increasc on apparent threshold for ventricular arrhythmiay,
Arterinl cyelopropanc concentrations 15 to 20 mg. per cent.

In nine instances ventrieular arrhythmias continued for over ten
minutes during constant conditions and might have continued longer
had it been feasible to maintain these conditions. Ventricular ar-
rhythmias were continuous in one subject for ninety minutes while
pCO, was increasing, and in other subjects for shorter periods, but in
some the arrhythmias disappeared under the same conditions.

Heart Rate Before and During Ventricular Arrhythmias Initiated
by Carbon Dioxide~Twenty-four subjects developed ventricular ar-
thythmias during purposeful elevation of end-expiratory pCO, The
average heart rate before the induction of anesthesia was 75.2 per
minute in these cases. During anesthesia in the absenece of hyper-
earbia the mean rate was (1) 69.3 per minute. Elevation of alveolar
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pCO, was attended by variable changes in heart rate. Comparing the
period preceding the development of ventricular extrasystoles by
thirty sceonds or less with that just before the period of hyperearbia,
10 subjeets exhibited a change in heart rate less than 5 contractions
per minute, 8 showed increases greater than 5 per minute, and 6
showed decreases greater than 5 per minute. Four of 24 subjects
had a licart rate less than 60 per minute. The slowest sinus rate
noted before the appearance of extrasystoles was 50 contractions per
minute. The mean rate just preceding the appearance of ventricular
arrhythmias was (2) 73.5 beats per minute, and did not differ sig-
nifienntly from (1). The mean rate during ventricular arrhythmias,
however, was (3) 93.2 per minute, and was significantly (p < 0.01)
greater than either (1) or (2),

Arterial Blood Pressurc Before and During Ventricular Arrhyth-
mias Initiated by Hypercarbia—In the 24 anesthetized subjects who
developed ventricular arrhythmias during purposeful pCO, elevation,
the average arterial blood pressure before hyperearbia was (1) 119/
73 mm. of mercury. During hyperearbia and immediately before (less
than thirty seconds) the onset of ventrienlar arrhythmias, the arterial
pressure averaged (2) 131/77 mm. of mercury, representing a sig-
nificant increase (p < 0.01) in systolic, but not in diastolic, pressure.
During the period of arrhythmia the arterial pressures averaged (3)
134 mm. of mereury systolic and 81 mm. of mercury diastolic, both
of which were significantly greater than (1) (p < 0.05), but not greater
than (2). In 9 cases whe developed multifocal ventricular tachyeardia
with rates greater than 160 per minute, the systolic, diastolic, and
mean pressures all increased signifienntly (p < 0.05), the respective
values changing from 123 to 132 mm. of mereury, 73 to 97 mm. of
mercury and 98 to 113 mm. of mercury (mean). Pulse pressure de-
creased significantly (p < 0.01).

Carpiac Arpuytinmias Durise Rapm Decrease v CO, Texsiox

On 28 oceasions the end-expiratory earbon dioxide tension was
decreased rapidly to normal from levels ranging from 353 to 140 mm.
of mercury. The average rate of fall was 20 mm. of mereury pCO./
min, from a mean pCO, level of 93 mm. of mercury. The rate of de-
cline ranged from 4 to 70 mm. of mercury/minute and the time to reach
50 mm. of mercury varied from 0.2 to 13 minutes, averaging four
minutes. .

Eight cases exhibited sinus rhythm at the start of the CO, fall-off.
Two of this group developed ventricular arrhythmias as the pCO;
decreased. Twenty subjeets exhibited a ventricular arrhythmia prior
to the reduction in pCO.. In 16 of these the arrhythmia present during
liypercarbia reverted to sinus rhythm as the pCO, approached normal
levels. The ventricular arrhythmia grew worse in the remaining 4
-subjects (greater frequency of ventricular extrasystoles or appearance
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TABLE 3

APPEARANCE ot EXACERBATION OF VENTRICULAR ARRHYTIOMIAS WITH RAPIDLY
Decnreasina Carsox Dioxine Texstox Dunisa
CYCLOPROPANE ANESTHESIA

Avernge and Standard Deviation
Number
Patints | PCOs Preceding o, Anerial Rate of Desrease
(mm. o.l mereury) (n{:.‘;;pe'rn«u:s (mm',&n‘:;‘;t“’y/
Appearance or exacerbation of [ 120 4 16 223 £ 7.6 410 £ 18.5
ventricular arrhythmia
No arrhythmin or disappearnnce 22 93 £ 26 16.3 % 5.5 13.7 £ 11.7
of arrhythmia

of more ectopic foci). The types of arrhythmia observed during de-
clining pCO, did not differ from those seen during hypercapnia or
deep cyclopropane anesthesia.

The subjects who developed or exhibited exacerbation of arrhyth-
mia differed in several respects from those who did not (table 3).
The end-expired cyclopropane concentration before return of pCO,
to normal was greater in the ‘“‘arrhythmia’’ than the average in the
“no arrhythmia’ group in 5 of 6 cases. However, the mean eyclo-
propane concentration (22.3 mg. per cent) in the ‘““arrhythmia’’ group
was in the range associated with only a small incidence of ventricular
arrhythmias in the absence of hyperearbia (fig. 1). The arrhythmias
observed were therefore probably initiated by some factor in addition
to that introduced by cyelopropane per se. Three of the 6 who de-
veloped arrhythmias or exacerbations also experienced a reduetion of
cyclopropane concentration as pCO, was lowered. A rapid decrease
in eyclopropane concentration may precipitate arrhythmias under cer-
tain conditions (6), and may explain the exacerbation in the 3 eases
where this occurred.

Incidence of Arrhythmia
crﬂxand?c?tlan

—pC0z reduction , mm.Hg/min.

Fig. 3. Relation of rate of pCO, reduction to incidence of development or exacerbation of
ventricular arrhythmins. Figures over bars refer to number of subjects in each group.
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In the ‘‘arrhythmia’ group the rate of fall of pCO, and the
initial pCO, from which it fell were significantly (p < 0.05) higher than
in the “no arrhythmia’” group. The incidence of exacerbation or oc-
currence of arrhythmia was directly related to the rate of reduetion
of pCO,, as is illustrated in figure 3. Above the rate of 20 mm. of
mercury per minute, the incidence of arrhythmias inereased sharply.

All arrhythmias disappeared within five minutes and only 7 of the
28 developed a hypotension to a level of 80 mm. of mereury systolic
or below. This degree of hypotension was transient and occurred
in only 3 of the 6 patients who developed an arrhythmia. In no in-
stance did ventricular fibrillation or asystole occur.

Meciaxisms UNDERLYING THE DEVELOPMENT OF CARDIAC ARRHYTHMIAS

The preceding three sections of this paper have been largely de-
seriptive in nature. In an effort io uncover the mechanism or mecha-
nisms responsible for the occurrence of cardiac arrhythmias during
cyclopropane anesthesia, an extensive series of studies has been com-
pleted. Some of these will be presented here. Others are listed else-
where (7).

Sympathetic Blockade—Initial attempts to determine the mechanisms
of initintion of the arrhythmias were directed toward an evalua-
tion of the role of the sympathetic nervous system. To this end,
spinal anesthesia was induced in 3 subjects using a catheter technique
with 0.5 to 1.0 per cent procaine hydrochloride in sufficient volume to
assure a high level of sympathetic blockade (8). Hypotension was a
problem in each case, especially during hypercapnia (9), but was
partially controlled by the intravenous administration of methoxa-
mine or phenylephrine. In one subject at a cyclopropane concentra-
tion of 19 mg. per cent and pCO, of 130 mm. of mereury, multifocal
ventrieular extrasystoles disappeared within two minutes after the
subarachmoid injection of 100 mg. proeaine hydrochloride in 22 ml
distilled water. Although the blood pressure decreased simultane-
ously to a low of 83/35, pressor therapy effected a return to 107/42
(normal for this patient) without the appearance of an arrhythmia.
Tn a second study with spinal anesthesia (during which 1.7 mg./kg.
methoxamine were used to maintain blood pressure) no ventricular
arrhythmias appeared at levels of pCO. and cyclopropane as high as
192 mm, of mercury and 20 mg. per cent, respeetively. The third case
had a prespinal anesthesia arrhythmia threshold at 78 mm. of mercury
pCO, and 27 mg. per cent eyclopropane, but after spinal anesthesia
(and 0.15 mg./kg. phenylephrine intravenously) developed no ventricu-
lar arrhythmias at cyclopropane concentrations up to 30 mg. per cent
and CO, tensions up to 140 mm. of mercury. The spinal anesthesia,
however, did not prevent the appearance of supraventricular arrhyth-
mias during deep cyclopropane anesthesia in this case. In both the
seeond and third eases blood pressure was more than 80 mm. of mercury
systolic at the time of maximum hypereapnia, but it never approached
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the levels ordinarily reached with hypercapnia in the absence of
sympathetic blockade,

Potassium.—Twenty-one arterial b]ood samples from 5 cases were
analyzed for plasma potassium. Values ranged from 3.97 to 4.74 mEq/
l. in all but one sample. This contained only 3.32 mEq/L and was
drawn when ventricular extrasystoles appeared in a patient having
a blood cyclopropane concentration of 25 mg. per cent. Potassium
concentration could not be correlated with eyclopropane concentration
or pCO., or with the presence or absence of cardiac arrhythmias.

MorsiITY

Excessive tracheobronchial secretions were present during anes-
thesia, probably because no belladonna drug was used prior to indue-
tion. Frequent aspiration of the tracheobronchial tree was generally
a neeessity and might have been the cause of postoperative complaint
of chest discomfort lasting about 24 hours in 50 per cent of the subjects.

Sore throat for 24 to 48 hours postoperatively was a eomplaint in
all but 2 cases. This can be traced to prolonged endotracheal anes-

thesin combined with unavoidable motion of the endotracheal tube °

caused by the close attachment of the CO. analyzer. No hoarseness
appeared.

Postoperative nausea and vomiting was present in 75 per cent of
the cases. The high frequency may have heen a function of excessive
seeretions, deep and prolonged anesthesia, or hyperearbia.

Two patients complained of headache, and one of vertigo up to 24
hours postoperatively. The low incidence of these symptoms is
interesting in view of their high frequency in conscious man subjected
to small elevations of carbon dioxide tension. Sinee such symptoms
last only a few hours in conscious subjeets, they were probably masked
by anesthesia in most of ours.

Emergence excitement occurred in 42 per cent of the cases, and
was of severe proportions in half of these. This is three to four times
the usual incidence in subjects anesthetized for similar operations.

Discussion

The data indicate that cyelopropane per se ean initiate ventricular
arrhythmias in normal man not subjected to operation, even if there
is normal oxygenation and elimination of carbon dioxide. The inci-
dence of arrhythmias increased rapidly with increasing eyclopropane
concentration. With constant arterial blood concentrations of 19 mg.
per cent ventricular arrhythmias were noted only oceasionally (4 per
cent) and 56 per cent of the subjeets failed to show such a disorder of
rhythm even at constant levels as great as 30 mg. per cent. In the
presence of normal O, and CO, tensions, a ventricular arrhythmia
suggests high cyclopropane coneentration. The finding that eyclopro-
pane tension is a factor in the production of ventricular arrhythmias
is at variance with the results of Johnstone (10) who did not observe
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them in well ventilated patients anesthetized with cyclopropane. Meas-
urements of eyclopropane concentration were not made by Johnstone.
In our studies a peried longer than one hour was often required to
produce deep cyclopropane anesthesia (30-85 mg. per cent in arterial
blood) using a constant flow rate of 500 mk of eyclopropane and 500
ml. of oxygen per minute. In the absence of measurements of cyclo-
propane concentration, one cannot assume that deep cyclopropane
anesthesia exists. .

The data further indicate that if pCO, is permitted to inerease
above normal levels during eyclopropane anesthesia, ventrieular ar-
rhythmias will oceur in every instance if the degree of respiratory
acidosis is sufficient. This is in agreement with Jolmstone (10) who
permitted rebreathing without carbon dioxide ahsorption during light
eyclopropane anesthesia in man. In each one of 25 cases ventricular
arrhythmias appeared.

The pCO, level at which ventricular arrhythmias develop is re-
duced with inereasing cyclopropane concentration. During deep anes-
thesia arrhythmias can be initiated by a slight degree of liypercarbia.
In some subjects elevations of pCO, of as little as 10 mm. of mercury
from control values led to arrhythmias when the concentration of
eyelopropane in arterial blood ranged from 15-18 mg. per cent.
Despite the maintenance of hypercarbia the frequency of ventricular
extrasystoles may diminish with the passage of time in certain subjects,
suggesting that, in addition to the levels of cyclopropane and carbon
dioxide measured, the time during which these conditions are imposed
may also be important.

Guedel (6) noted cardine arrhythmias at inspired eyclopropane
concentrations of 20 per cent or more, but believed that these could be
abolished by increasing the concentration above 53 per cent. Since
at higher eoncentrations controlled ventilation was necessary, it seems
likely that the discontinuanee of arrhythmins at these concentrations
was due to n reduction of elevated carbon dioxide tensions towards
normal levels. Our findings suggest that some patients would not
have arrhythmia at concentrations as high as 70 per cent cyclopropanc
if pCO, is kept normal. )

Ventricular arrhythmias may appear or grow worse when elevated
pCO, is reduced and the likelihood of this inereases with greater rates
of pCO, fall and with higher blood cyclopropane concentrations. The
data in figure 4 indicate that a high incidence of ““fall-off arrhythmia’’
was obtained only when the rate of pCO. reduction exceeded 40 mm.
of mercury per minute. Rates of this order are difficult to obtain
unless the pCO, before reduction is extremely high, and unless vigor-
ous efforts are made to climinate carbon dioxide. These conditions are
probably never met in clinieal practice. Although a rapid deerease
in pCO., has been suggested as a cause of cardiae arrest or ventricular
fibrillation at the conclusion of anesthesia (11), we found no evidence
ihat this oceurs in normal man anesthetized with eyelopropane. The
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conditions necessary to produce ventricular fibrillation in the dog
(30—40 per cent CO, inspired for two to four hours followed by sudden
reduction) are hardly comparable to those which might oceur during
anesthesia in man.  To obtain coneentrations greater than 15 per cent
CO, inspired we found it necessary to add carbon dioxide to the re-
spired atmosphere. Complete exclusion of soda lime absorption for
one hour proved insufficient.

Analysis of the electrocardiographic events accompanying the de-
velopment of ventricular arrhythmias offers one approach to an under-
standing of their etiology (12). Partial heart block or displacement
of the pacemaker rather than bradycardia was a common precursor of
ventricular extrasystoles oceurring during anesthesia at normal earbon
dioxide tensions. While carbon dioxide tensions were elevated partial
heart block was rare. Pacemaker displacement, however, preceded
ventricular extrasystoles as commonly as during normocarbia. The
last beats preceding ventricular extrasystoles were most frequently of
normal origin, even though pacemaker displacement may previously
have been present. This suggests that ventricular arrhythmias might
be initiated by a reduction of parasympathetic or an inecrease in
sympathetic nervous system activity. This is supported by the addi-
tional observation that ventricular extrasystoles were immediately
preceded by slight elevations of arterial blood pressure during hypo-
carbia, normocarbia, or hypercarhia.

The prevention by spinal anesthesia of the ventrieular arrhythmias
usually initiated by hyperearbia also suggests that sympathetic nervous
impulses initiate these disorders in man. The evidenee is less clear-
cut than desired, becanse of the necessity for using vasopressor drugs
to control the hypotension produced by spinal anesthesia. There is
some evidence in dogs that methoxamine in doses of one to ten mg./kg.
prevents cyclopropane-epinephrine arrhythmias (13), but it seems un-
likely that the relatively small amounts used in this study had any
influence on cardiac rhythmicity (14, 15). The substitution of phenyl-
ephrine for methoxamine, moreover, did not alter the findings, Fur-
ther support for the role of the sympathetic nervous system has been
obtained by catechol amine analyses and through stellate ganglion
block. These data will be presented elsewhere (7).

The role played by the potassium ion in the produetion of eardiae
arrhythmias or cardiac arrest has come under extensive investigation
in both man and animals and numerous relationships between catechol
amines, carbon dioxide and potassium have been brought to light.
Since no significant changes in serum potassium were found with
hypereapnia in this or Peterson’s (16) study in man, it seems likely
that further investigations in this direction must seek to measure
changes in potassium concentration at some point other than the
peripheral arterial or venous blood.

This study of cardiae arrhythmias during cyclopropnne nnesthesm
emphasizes the effects of the anesthetic agent in normal man. The

20z ludy 01 uo 3senb Aq jpd°£0000-000.08S6 |-Z¥S0000/628609/LS¥//61/4pd-01o1n1e/AB0|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anestesil
472 A. A. LURIE ET AL. JulyoAugust, 1958

effects of the drug in the presence of myocardial disease, electrolyte
imbalance or reflexes resulting from surgical manipulations remain
to be assessed.

Summary axp Coxcrusions

In a series of 31 healthy patients anesthetized with cyclopropane
cardiac arvhythmias occurred rarely, provided alveolar pCO, was
normal and arterial blood concentration of cyclopropane was less than
19 mg. per cent.

The incidence of arrhythmias inereased markedly with either deep
cyclopropane anesthesia or hyperearbia. Arrhythmias were aggra-
vated or initiated by an unusually rapid return of elevated pCO.
toward normal in some subjects. The arrhythmias were associated
with only small deviations of blood pressure from normal. They did
not appear deleterious. A role of the sympathetic nervous system in
the origin of these arrhythmias is suggested.

This study was supported (in part) by grants from the National Heart Institute,
National Institutes of Health 1I-1568 (C3) and I-1884 (C2), und from the Office of the
Surgeon General, U. 8. Army (DA—9-007-)D-599).
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